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<< Smelling Their Way 
to an Early Grave 


When animals are reared on a near-starvation diet, they live 
much longer than those that eat freely. Even the fruit fly 
Drosophila has this reaction to a low glucose diet, and lives 
considerably longer on a 5% than on a 15% sugar-yeast 
diet. This effect of dietary restriction is easily reversed when 
flies consume more food. Libert et al. (p. 1133, published 
online 1 February, see the 2 February news story by Leslie) 
report a less expected effect: Just the smell of the flies’ food 
(yeast) can inhibit some of the effects of dietary restriction and 
shorten the flies’ life span by 6 to 18%. Flies lacking an essential 
part of their odor receptors, which results in their having greatly 
impaired senses of smell, live longer than flies with intact odor sensation, 


The Shape of Sheets 
to Come 


When the sides of a flat piece of paper lying on a 
desk are stowy pushed together, the sheet will 
eventually buckle witha periodicity that depends 
on ts thickness or stiffness. The same procedure 
applied toa piece of aluminum foil may also lead 
to buckling, but wil also lead to ceumpling or 
wrinkling on a local scale. If either material has 
bbeen previously deformed, the change in shape 
and curvature wil likely be affected by detect 
sites. Klein et al. (p. 1116) propose a gener 
description for shrinking of thin sheets that 
depends only on the resting shape of the material 
and an accounting of the stresses placed on the 
‘material. Ideally, the thin sheet wil deform in a 
competition between bending and stretching 
energies that maintains a shape near the resting 
shape. The authors demonstrate their concepts 
Using a series of polymer films with nonlinear 
concentration gradients of monomers that sivell to 
different extents actoss their surface. In a Per 
spective, Kamien shows how this approach can be 
applied to everyday objects, like potato chips, and 
how more complex shapes can be designed. 


Outlook for Bright 
Neutron Source 


Xray and photon sources for spectroscopic and 
diffraction methods have increased in brightness 
by several orders of magnitude during the past 
20 years, but the brightness of neutron sources 
for structural studies have increased by only an 
order of magnitude during the past 40 years 
With conventional neutron source technologies 
(spallation and fission reactors) reaching a 
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plateau in their output, Taylor et al. (p. 1092) 
propose that inertial fusion energy facilities 
‘and high-power lasers could run in tandem to 
provide neutron sources that would be three 


‘orders of magnitude brighter than those avail: 
able at present. 


Classical Quasicrystalline 
Tilings 

Islamic architecture beg 
in the 10th century is marked 
by distinctive star and line 
patterns called giih. These 
figures were thought to be 
imerwoven continuous 
lines, created by simple 
tools such as straightedge 
and compass. Lu and 
Steinhardt (p. 1106; see 
the news story by Bohan- 
non) find that by the 
beginning ofthe 13th 
century, artisans began to 
create these patterns from 
tilings of decorated poly 
‘gons. The tilings became 
increasingly comple, and 
by the 15th century the 
patterns had evolved into quasicystalline 
esigns, well before the mathematical description 
of these space-filling patterns that possess rota 
tional symmetry yet lack translational symmetry 


Supernova Smoke Rings 


‘Supernova 1987A, the first supernova that 
could be seen with the naked eye since Kepler's 


supernova in the 17th century, is of an unusual 
type, and its characteristics have suggested that 
its explosion resulted tens of thousands of years 
after the merger of two massive stars. However, 
a detailed model has eluded astronomers, 
‘Morris and Podsiadtowski (p, 1103; see the 
Perspective by Soker) have performed three 
dimensional computer simulations of such a 
stellar merger that can explain many of these 
ge, detailed 
of the angular momentum and accre 
tion of gas from the two stars predicts two 
explosions, one that causes ant 
glass” ejection of material and the 
second that produces a smaller puff 
of gas. Together, these events 
account for the three rings of gas 
around the remnant of the 
exploded stars—two from the 
projected hourglass explosion, 
ner one from the second 


features. Alter the two stars n 


and an 
explosion, 


Empowering 
Powder 


A central challenge in the struc 
tural elucidation of zeolites and 
related porous solid i the ten 
dency of these materials to adopt highly poly 
caystalline morphologies that fai to yield clean 
X-ray diffraction data, The structures are 
nonetheless highly sought after in tight of the 
«catalytic significance of such materials. Baer- 
Locher et a. (p. 1113; see the Perspective by 
Gies) present an algorithmic advance that 
facilitates combined analysis of ponder diffrac 
Continued on page 1051 
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tion and electron microscopy data to solve particularly intractable zeolite structures. Using this 
method, they resolve the markedly complex 10-ring channel system forming the IM-S zeolite, an 
active catalyst for hydrocarbon cracking and related reactions. 


Beyond the Diffraction Limit 

Most imaging techniques are diffraction limited, so that subwavelength information about an object 
islost through the rapidly decaying evanescent waves. A number of techniques have been proposed 
and some demonstrated, with the ability to form patterns beyond this diffraction limit, but these tend 
to operate in the near field. Lerosey et al, (p. 1120) use a time-reversal mirror—an antennae array 
that first detects the signal from a point source placed atthe intended focus positon, and then sends 


the signal back (time-reversal reflection) 
receiver array to better than 1/30th of their wave 
sion rates for telecommunications by a factor of 3. 


to demonstrate the ability to focus microwaves on a 


ength. The technique was used to increase transmis 


Plant Defense Coordination 
Plants respond to pathogen attack by recogni 
the invaders and instigating th 

Shen et al. (p. 1098, published online 21 December 
see the Perspective by Dangl) now show that two ofthe plant's 


‘owm cellular responses to limit 


defense systems themselves interact at the level of gene 


transcription, Studying barley’s mild 
of one of the plant pat! 
w these pr 


A peoteins, part 
hways, the 
the 
tors that 


ogen response pat! 


authors show h eins are localized 


where they alter transcription of 
the other plant pathogen path 


coordinated and tuned to be appropriate tothe ch 


response to pathogenic attack is thus 


New Clovis Culture Dates 


The first well-establish 
terized by a d 
and the 


culture in the New World has been long thought to be that of Clovis, charac 
tinctive shape of their hunting points. Waters and Stafford (p. 1122: see the cover 
s story by Mann) pr new radiocarbon dates on several Clovis sites and 
35€55 previous more scattered d 


ies. Together, these imply that Clovis persisted for only a few hun 
dred years and occurred somewhat later than was previously thought. The similar to 


for other cultures such as Folsom and Goshen may have 


nd may imply that the Clovis cultu 
emerged in the New World after a previous colonization, 


Customizing MicroRNAs 
MicroRNAs (miRNAs) are ubiquitous small noncoding RNAs that regulate gene expression in 
eukaryotes. Because ofthe double-stranded nature of intermediates in ther synthesis, miRNAS are 
potential targets for RNA editing. Kawahara et al. (p. 1137) now show that members of a mam 
malian miRNA cluster are edited in their seed regions, the re 


gion which det 


mines their target 
specificity, This editing of adenosine bases to inosine, which is tissue specific, changes the poten 
tial Larget range of the miRNAs, The edited miRNA, but not the unedited version, acts to repress an 
enzyme involved in purine metabolism, and mice expressing this miRNA have elevated levels of 
uric acid in the cortex of the brain. 


Reversal of Rett Syndrome in Mice 


Rett syndrome is a rare genetic disease caused by a mutation in the X-linked gene MECP2, which 
Causes mental retardation and autism-tike symptoms in young girls. Guy et al. (p. 1143, published 
online February; see the 9 February news story by Miller) engineered mice with an inserted 
sequence in the MECP2 gene that blocks its expression and show that the mice exhibit many of the 
symptoms of Rett syndrome. Reactivation of MECP2 in these mice before symptoms appear prevents 
disease, Reactivation in animals exhibiting Rett syndi ninated disease in both you 
males and mature females. Although such genetic manipulations are not possible in human patients, 


the apparent reversible nature of the disease suggests that therapy may be feasible, 
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DIVERSIFY YOUR.CATCH? 


Evrogen cDNA normalization greatly 
increases the efficiency of transcriptome 
analysis and functional screenings by 
equalization of the concentration of dif 
ferent transcripts in a cDNA population, 
Evrogen Trimmer kits allow norma- 
lization of full-length-enriched cDNA 
for cither directional or nondirectional 
cloning of a cDNA library. 

Custom ¢DNA normalization and library 
construction service is also available. 
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Science, Information, and Power 


NOW THAT THE 110TH UNITED STATES CONGRESS 1S WELL SETTLED IN ITS SEATS, THINGS ARE 
heating up—and the decisive recent report from the United Nations Intergovernmental Panel on 
hhange will help. Some of the early action ison the legislative front: The well-publicized 


the less controversial bills. The better news is that legislators made some serious-looking mov 
toward an emissions cap for greenhouse gases. That's a good start, but perhaps the most signi 
action has come from other sources 

One of these, improbably. is American industry. Quick digression: Earlier in this space, 1 
noted a phenomenon arising when strong views in the polity bump up against administrative 
inertia in the federal government. For example, national polls show strong citizen preference for 
action to mitigate global warming and for revising the ban on federally supported embryonic stem 
cell research. Years of unresponsiveness from the Bush Administration 
have stimulated an unexpected downward jurisdictional migration, with 
some states floating bond financing for stem cell research and other 
states—even cities adopting their own emissions targets. Now a new 
downstream locus for environmental activism has surfaced, and the 
White House might listen to this one. 

Chiefexecutive officers from 10 major U.S, companies have gathered 
to form a Climate Action Partnership. When General Electric, Alcoa, 
DuPont, and even Duke snily convinced about global 
\warming to recommend mandatory emissions reductions with targets, 
they are asking to be taken seriously, This corporate congregation was 
mobilized in part by the World Resources Institute and leading environ- 
mental organizations, whose collective clout once again demonstrates 
that enlightened leadership ftom civic society can sometimes reach useful ends more quickly 
than old-fashioned intercession in electoral politics. 

Back in the political domain: The U.S, Congress does more than manufacture statutes, 
There's oversight of administrative agencies, and anyone who has been in charge of one knows 
how tough that process ean be (even, asin my case, if the inquisitors are from your party). 
Now Henry Waxman, chair of the House Oversight Committee. is scheduling hearings 
the first was on 30 January—about efforts by Administration officials to modify or rewrite the 
scientific findings of ageney scientists. There promise to be more, and there should be, The 
Union of Concerned Scientists has just released a comprehensive report on such matter nd 
supplied witnesses to the Waxman hearing. 

But there is a conveniently timed push-back from the White House. A new initiative 
announced late in January will affect the way in which executive agencies like the Environ- 
mental Protection Agency and the Occupational Safety and Health Administration generate 
ulations. The plan places new responsibilities on a political appointee in 
making and make it more con- 
that its purpose is to enforce Administration control over the development 
of regulations affecting the environment and public health. Significantly, the announcement 
\was published on the very day of the Waxman hearing. 

Those who believe that convenzences are offen not mere coincidences will see these events.as 
atypical, garden-variety struggle between a Democratic Congress and the White House over the 
use of science in informing policy. But this confrontation is about more than whether polities can 
trump science. Atits core, it isa struggle for authority between a presidency wanting control over 
information so that the public will accept its version of reality, and a Congress insistent on its 
responsibility to find facts needed to shape national policy. 

This contest over the power of the presidency could not be more fundamental tothe democratic 
values of American society. Presidential claims to exclusive power over knowledge may some- 
times be justifiable in our national interest. but we should not be misled. We are not an empire- 
and our president is neither an emperor nor, as author and historian Garry Wills reminds us, the 
‘commanderin-chief of anyone who doesn’t happen to be in the army or the navy. 

= Donald Kennedy 
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irst Hundred Hours” of the new House Democratic majority voted up some 40 hours’ worth of 
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APPLIED PHYSICS 
Squeeze Play 


Cereals in grain silos, coal 


freight cars, and powders in pro- 
cessing vats are all examples of granular materials that show 
similar flow properties despite the differences in size and shape 
of the particles. During flow, loosely packed granular materials 
are similar to fluids in thatthe particies are not closely con- 
nected but nonetheless interact with each other through peri- 
‘dic collisions. Above a critical packing fraction, the number of 
contacts between neighboring particles increases and creates 
mechanical stability leading to a jamming transition. In a set of 
elegant experiments, Majmudar et al. have tracked the jamming 
transition in two dimensions for a bidisperse mixture of disk- 
shaped particles (shown at right), with a size ratio and composi- 
tion designed to guarantee a disordered system. The particles 
were made from a birefringent polymer so that contacts between 


particles and their stress fields could be measured with polarized light, while a second image taken without polarizers tracked the 
particle centers. The authors observed critical values at the jamming transition consistent with recent simulations, although 
the sharpness of the transition was diminished because of residual stress effects from the walls of the container. — MSL 


NEUROSCIENCE 
Supplying a Start-Up 


Ater an injury to its axon, a neuron must reor 
ganize rapidly in order to establish a new growth 
cone atthe tip ofthe transected segment. The 
‘growth cone can then search for and reestablish 
syaptic contacts, but the axon must supply the 
‘requisite materials to promote regrouth. 

By imaging cultured Aplysia neurons after 
axotomy, Erez etal. have followed the events by 
Which axons establish new growth cones. Soon 
ater an axon has been cut, the end of the por 
tion stil attached tothe cell body partitions into 
{wo compartments. In the proximal region, vesi 
cles can be observed en route to the plasma 
membrane from the Golgi com: 


Vesicles (red) are delivered by microtubules 
(green) to the site of the new growth cone. 


plex; if the production of Golgi-derived vesicles 
is blocked, a new growth cone cannot be estab 
lished. In the distal region, vesicles also accumu: 
late, but these arise via the retrieval of mem: 
brane from the cel surface. What drives tis raf 
fic ate the microtubules, which form the struc 
tural scaffold of the axon and rearrange to estab: 
lish a region that segregates the tno classes of 
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vesicles. This process, which involves the reorien 
tation of polarized microtubules, collects and 
concentrates the components needed to regener 
ate a motile growth cone. — SMH 

1.Cell Biol, 176, 497 (2007) 


MATERIALS SCIENCE 
Freezing in the Glow 


Polymer light-emitting electrochemical cells 
(PLECS) have mobile ions within the polymer 
layer, a feature that fosters low turn-on volt 
ages and skirts the need for low-work-funkti 
cathodes or interfacial layers between the cath 
codes and polymer. However, in comparison 
with light-emitting diodes, PLECs tend to have 
slow response times and short operating life 
times. lon mobility limits the device speed 

and performance can degrade as phase separa 
tion occurs between the emitting polymer and 
the second polymer used to store the mobile 
ions. 

Shao et al. have fabricated PLECS with a 
simple sandwich structure, in which an organic 
ionic liquid, methyitrioctylammonium trifluo 
fomethanesulfonate (MATS), acts asthe reser 
voir for the mobile fons. Because MATS has 2 
melting temperature of 56°C, the authors could 
freeze p-type-intrinsic-n-type (p-i-n) junctions 
into the devices at room temperature through 
heating/cooling cycles under an applied volt: 
age bias. The consequent improved contact 
between the mobile ions and the luminescent 


Phys.Rev, Let, 98, 058001 (2007), 


polymer led to fast response times. Moreover, 
the compatibility of MATS with the luminescent 
polymer—in this case a substituted poly(para: 
phenylene vinylene) compound—precluded 
phase separation. The devices functioned with 
stable high brightness over days of continuous 
operation, — MSL 

‘Adv, Mater. 19, 365 (2007), 


AppuieD pHysics 
Reflecting X-rays into Focus 


Coherent x-rays produced by synchrotrons have 
provided an invaluable tool for studying the static 
and dynamical structural properties of matter on 
the macroscopic scale. There is now a desire, in 
both biological and condensed-matter systems, 
to shift toward the probing of microscopic samples 
fon the nanoscale. Although hard (shortwave 
length) x-rays can be focused to approximately 
100-ni spot sizes using reflection, refraction, 

cor diffraction techniques, itis reflection from a 
high-quality surface that is expected to hone the 
focus down to the 20-nm level and thereby pro: 
Vide the capability of a true nanometer-scale 
structural probe. Using a combination of surface 
machining and surface interferometry, Mimura 
etal. have designed a platinum: coated, silicon 
based elliptical mirror with a surface roughness 
better than 2:nm from peak to valley After fabri: 
‘ating the mirror to match the optical require 
ments of their 1-km-long beamline, they demon: 
strate focusing of 15-keV hard xrays toa beam 


wwwsciencemag.org 
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\width of ~25 nm. By combining two such mirrors 
in orthogonal planes, they expect the xrays to be 
focused to a spot size of ~30 nm. —1SO 

‘Appl. Phys et. 90, 051903 (2007. 


CHEMISTRY 
Metal-Free Ringing 


Chiral Bronsted acids have recently proven effec 
tive alternatives to metallic Lewis acids in a range 
of enantioselective catalysis applications. Rueping 
etal, extend this approach to electrocyclc ring 
closutes. Specifically they explored the capacity 
of binaphthyl phosphate derivatives to catalyze 
the Nazarov cyclization, a reaction in which two 
alkenyl groups flanking a carbonyl moiety connect 
atthe fs carbons to form a cyclopentenone ring, 
The resulting product bears two new chiral cen: 
ters, which the optimized catalyst (at 2 mol Ye 
{oading) produced with enantiomeric excesses up 
0 93% for the major diastereomer. The cis 
dliastereomer was generally favored (with setectivi 
ties ranging from 1.5 to 9.3), though the products 
could be epimerized selectively at the cc carbon to 
the corresponding trans isomers by treatment with 
‘basic alumina, The selectivity fs sensitive to sol 
vert, because it relies on the nature ofthe fon pair 
formed after proton transfer from the chiral anion 
to the substrate, and was found to be highest in 
chloroform, —JSY 
‘Angew. Chem. int Ed. 46, 
10.1002/anie. 200604809 (2007). 


EDITORS CHOICE 


micROBIOLOGY 


Stepwise Sabotage of 
Susceptibility 


Streptomycin was the first antibiotic found to 
target the ribosome; specifically, it works by 
‘promoting the misreading of the genetic code 
during translation. Although resistance to high 
levels of streptomycin has been assigned to 
‘mutations in rs, the gene encoding 165 riboso: 
imal RNA (FRNA), this mechanism does not 
account for the observed high prevalence of 
resistance to Low levels of the drug. 

Okamoto et al. have found that sponta: 
‘neous mutations occur rapidly within the bacte 
tially conserved gene gidB, which encodes a 
T-methylgvanosine methyltransterase specific 
for 165 FRNA. As a consequence of these muta: 
tions, there isa failure to methylate the invari 
ant nucleotide G527, and hence low level 
streptomycin resistance is conferred. Even 
though resistance to most drugs that interact 
with the ribosome occurs via changes in RNA 
sequence, this finding suggests that this mech: 
anism of resistance could be more frequent 
among bacteria than previously expected. 
Moreover, it is worrisome that these mutations 
do not appear to exact any fitness cost and 
seem to constitute a first step toward the evolu 
tion of high: level resistance. — CA 

‘Mol, Microbiol. 63, 1096 (2007), 


<< An Unkind Cut Can Lead to a 
Broken Heart 


Postpartum (or peripartum) cardiomyopathy 
(PPCM), which occurs up to a few months after 
delivery (or late in pregnancy), is assoc 
‘ated with an acute onset of heart failure 
in women with no history of heart disease. Hilfiker-Kleiner et ol. 
have linked cardiomyocyte STATS (signal transducer and activator 
‘of transcription 3) to PPCM. Normally, pregnancy is associated 
with cardiac hypertrophy and increased capillary density —physio: 
logical changes that aso were found to occur in mice lacking cardiac 
STAT3. However, postpartum mice lacking cardiac STATS lost the 
increased capillary density. These mice suffered an attenuated increase 
Incardiac manganese superoxide dismutase, which le to excessive levels. 
‘of reactive oxygen species, which led, in turn, to an increased abundance of 
the proteolytic enzyme cathepsin D. Furthermore, the STAT3 deficient mice 
‘exhibited enhanced cleavage of full-length prolactin, which isa cathepsin D sub 
strate, into a shorter, antiangiogenic form. increasing the amount of circulating prolactin stimulated 
‘cardiac damage in mice that overexpressed cardiac cathepsin D. n contrast, pharmacological inhi 
bition of prolactin secretion prevented PPCM. A preliminary study suggested that inhibiting prolactin 
release by administering bromocriptine was protective of cardiac function in women at high risk of 
PPCM. Thus, the authors suggest that cardiac STATS is critical to postpartum cardiac function and 
propose that inhibiting prolactin release may be a viable approach to PPCM treatment. — EMA 
Cell 128, $89(2007, 
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Biosensors 
with SPR 


Characterize biomolecular 
and conductive interactions — 
in real time label-tree. 


Autolab SPR systems 
© Association, dissociation and 
thermomatric kinetic analyses. 
© Both customized and 
standard procedures 
© Integrated automated 
and semiautomated 
sample handling 
© Combine surface 
plasmon resonance and 
electrochemical techniques 


See us at ACS Booth #1226 


For more information visit 
www.brinkmann.com/SPR 
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What does a dromedary camel loping 
across a sand dune have in common with 
2 Lippizaner stallion high-stepping 
around a ring and a rhinoceros luxu: 
riating in a mud puddle? They are al 
ungulates, mammals that typically 
sport the overgrown toenails known as 
hooves. To learn more about the group or 
individual species, drop by the Ultimate 
Ungulate page from Brent Huffman, a 
keeper at the Toronto Zoo in Canada 
Introductory pages summarize 
some of the surprises from recent 
molecular studies on mammalian 
evolution, which distanced the 
‘ungulates from elephants and aard- 
varks, long thought to be their next of 
kin. Hoofed animals are actually more 
closely related to bats. Species accounts 
cover most of the more than 250 ungu- 
lates, offering details on the animals’ diet, 
habitat, behavior, and range. >> 
vew.ultimateungulate.com 


Birds, Bats, and 
Bar Codes 


Fifteen bird species have been newly discovered 
by a DNA identification technique called 

bar coding, researchers reported online 

19 February in Molecular Ecology Notes 
They've also uncovered six new bat species 

in bat-rich Guyana, 

The Barcode of Life project seeks to deter 
mine the DNA sequence of the same mitochon: 
drial gene in millions of Earth's fauna. The 
variations in the sequence provide a unique, 
easy-to-read species identifier, scientists say. 

Until now, bar coding hadn't been tested in 
ether mammals or widespread bird populations 
For the bird probe, evolutionary 
biologist Paul Hebert ofthe 
Univesity of Guelph in Canada 
and colleagues cataloged DNA 
from 2500 specimens supplied 
by museums and bird banders in 
the United States and Canada, 
The samples represent 643 of 
the 690 known North 
America-based species. Bar 
«codes supplied some surprises 
revealing 15 “cryptic” species: 
birds o similar to other birds that they had not 
been seen as distinct. What's more, eight sup 
posed gull species turned out to be just one, and 
birds from 14 other supposed species were virtu: 
ally identical to at least one other species 

In the mammalian end of the projec. 

Hebert’s team turned to Guyana, taking tissue 
samples from 840 bat specimens in the Royal 
‘Ontario Museum, There was concern that the 
species would be too closely related to reveal 
‘genetic differences, Yet the researchers easily dis 
tinguished the 80 oso species in the colection 
and discerned several new ones, Heber ays 


A different bat, 


Seeing the 
preparing a bill that would 
The Levine ban “is 


heard to date,” says R. 


‘enough to recoup their high initial 


Commission says he thinks the proposal might fly 


Ni 


EDITED BY CONSTANCE HOLDEN 


‘uch studies have the potential to “break bar 
coding” by proving to skeptics that species can’t 
always be distinguished on the basis of just one 
gene, says project member Mark Stoeckle of 
Rockefeller University in New York City 

“But it's worked everywhere it's been applied.” 


Diabetes Genes 
Go Public 


{As genomic information piles up at an exponen: 
tial rate, sorting through ital has become over 
whelming. In the hopes that with enough eyes, 
breakthroughs will materialize, the Swiss drug 
company Novartis has helped create a free and 
‘open database on the 
genetics of type 2 diabetes 

Posted at 
wi: broad.mit.edu/ 
diabetes, the Diabetes 
Gernetics Initiative isa 
collaboration between 
Novartis, the Broad 
Institute of the 
Massachusetts Institute 
of Technology and Harvard 
University, and Lund 
University in Sweden. Launched in 2004 and 
completed last week, it contains information on 
the genomes of 1500 people with diabetes and 
1500 without in Sweden and Finland. 

Alan Shuldiner, an endocrinologist and 
geneticist at the University of Maryland School 
of Medicine in Baltimore, suspects that the 
‘Novartis collaboration is “proactively providing 
their data in anticipation that others will do the 
same.” A dazen teams are working along the 
same lines with different populations, from the 
Pima indians in Arizona to Massachusetts resi 
dents in the Framingham Heart Study. 


Light 


Lloyd Levine doesn't intend the “How Many Legislators Does It Take to Change a 
Light Bulb Act” of 2007 as a joke. The California assemblyman, a Democrat, is 


‘effectively ban the sale of household incandes- 


cent bulbs in the state by 2012, Compact fluorescents, called twisties by 
some, are cheaper and more energy-efficient, he says. 


probably the most aggressive proposal we've 
‘Neal Elliot of the nonprofit American Council for 


aan Energy-Efficient Economy. Elliot says compact fluorescents are a 
green “no-brainer” because they use less electrcity—and thus reduce 
carbon emissions —and with fe spans of up to 8 years, they last more than ong 


ost. John Geesman of the California Energy 
it exempts certain fixtures, such a5 the lights 


inside microwave ovens, for which there aren't effective substitutes. 
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Q:y here’s the only place you can buy 


AAAS/Science merchandise? 


Exclusively from the new 
Online Store! 


Visit 


If you're proud to be an AAAS member, here you can 
find carefully selected quality items that will let you 
wear your membership with pride. And, as another 
great benefit of AAAS membership, all members 
receive a discount of 10% or more on every item! To 
receive your discount, enter code SBN5 at the 
checkout. 


As with all AAAS programs, a portion of each sale 
goes toward our vital educational outreach 
programs. 


Don’t wait —visit 
and enter SBNs for your discount. M\AAA 
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= INSIDE KNOWLEDGE. For more than a decade 
Politics Dutch molecular biologist Ronald Plasterk has 
told others how to run science policy. Now, he'll be 
in the driver's seat himself. Plasterk, who heads the Hubrecht 
Laboratory in Utrecht and moonlights as a sharp-tongued newspaper 
and TV columnist (Science, $ September 2003, p. 1311), is the min- 
ister of science, education, and culture in the new Dutch government. 
“I'm sad. He's a great scientist,” says Stanford University researcher 
and Nobelist Andrew Fire. “But it’s wonderful for Holland.” 
Plasterk helped pen the Labor Party’s election platform last fall, 
and longtime colleague Piet Borst of the Netherlands Cancer 
Institute expects him to make some “radical changes.” One likely 
move is to boost merit-based project funding through the Netherlands 
Onganization for Scientific Research, 
Borst says Plasterk’s pre: 


1 in the new Cabinet, which includes 
two Christian parties, is also“ huge relief for atheist intellectuals.” 
Twoyears ago, Plasterk blasted his Christian-Democratic predecessor, 
Maria van der Hoeven, for supporting intelligent desig 


MOVERS 

BACK IN THE FOLD. After a period of se 
imposed exile, Carlo Rubbia, one of ialy’s 
best-known scientists, has made peace with 
the lalian government and is returning home 
toanew role asa 
special counselor to 
the environment 
ministry. “Above al, 
as an Italian tiving 
abroad, | do care 
about the future of 
my country,” he says 

A former director 
of the CERN particle 
physics lab near 
Geneva, Switzerland, 
and joint winner of the 1984 physics Nobel, 
Rubbia has focused on energy research in 
recent years. He was made president of ENEA, 
italy's energy research agency, in 1999, 
but in 2005, after beginning work in Sicily 
‘on a solar thermal energy project called 
Archimedes, funding for the project was sud- 
denly axed by Silvio Berlusconi's conservative 
government. Rubbia openly criticized energy 
policies in the Rome daily La Repubblica and 
was removed from his ENEA post (Science, 
22 July 2005, p. $42). Undaunted, Rubia 
moved to Spain and continued work on 
Archimedes in Andalucia. 

On 11 February, however, during an Italian 
TWdebate about climate change and energy, 
Afonso Pecoraro Scanio, Italy's environment 
minister in the new center-left government, 


Got a tip for this page? E-mail people@aaas.org 
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asked Rubbia to accept Italy's apologies and 


| join a government energy policy committee. On 


‘accepting his new appointment, Rubbia said: 
“The sun is one of Italy's great resources, and 
it’s something we must learn to use.” 


IN BRIEF 

[ANTI-GM. Uprooting a field trial of transgenic 
comm in 2004 may land French presidential 
‘candidate José Bove in prison. On 7 February, 
‘an appeals court upheld a 4-month sentence 


Three Q’s 


The Princeton Engineering Anomali 


has stirred controversy with claims that h 
and emotion can influence physical reality 


Has it been a worthwhile effort? 


T think so. We certainly have learned a lot ourselves. We 


certainly understand much more about the 


phenomena than we did going in, and I think we han 


faithful in sharing our insights with others. 


ina way that will satisfy the skeptics? 


Research labora- 
tory is closing down at the end of this month, Since 1979, 
the lab, headed by aerospace scientist Robert Jahn, 76, 


Q: Do you think these phenomena will ever be proved 


{ssued in November. (Another judge may yet 
‘commute the penalty to home imprisonment.) 
Afaimer and “alter globalist” who previously 
served time for ransacking a McDonald's 

Bové launched his bid for the April elections on 
8 February, billing himself as “the fist political 
prisoner who's also running for president.” 


NAE. The National Academy of Engineering has 
elected 64 new members and 9 foreign associ- 
ates, The list is at www.nae.edu, 


nan thought 


ure of the 


ebeen 


na 


That raises the whole question of where the skepticism stems from. I have to tell you that 


I was not totally prepared for the intensity of recalcitrance we have encountered. 
skepticism to be useful, it has to be informed. It doesn’t help if the people haven't read. 


your papers or visited your laboratory or talked with you personally. 


[One wrote that] “It’s not worth my time to 


What's the worst snub you ever received from a scientist? 


inform myself [about your research] because it 


is so obviously impossible.” This is not a scientific attitude 
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U.S. 2007 BUDGET 


NSF Enjoys a Heartfelt Ending 
To a Difficult Budget Year 


On Valentine's Day, the USS. Con 
National Science Foundation (NSF) a k 
delayed token of its warm feelings for the 
S6 billion basic science agency. It came at the 


ress sent the 


end of a marathon budget: 


ing process that 
stretched 4s months past its intended deadline. 


The card was signed by the new 


House Speaker, Representative 
Nancy Pelosi (D-CA), 

The valentine was a $334 mil: 
in NSF's $4.4 billion 
research budget that matches its 
2007 request, [twas tucked into 
$463 billion, ye 
plan that displays little budgetary 


ong spending. 


love for most of the other eivilian 
agencies in the package. The 
National Institutes of Health 
(NIH) and the Department of 
Ener 

grams were also modest winners, 
picking up $620 million and 
$200 million, re 
NASA space science programs 


’s (DOE'S) science pro 


continue to be squeezed by plans 
toexplore the moon and Mars. Most agencies 
get no increase over 2006 in the bill, which 
covers the rest of the 2007 fiscal year that 
began | October 

For many sei 


sts, the year be 


high note some $4 weeks ago, when President 
‘W. Bush proposed major ine 


the physical sciences as part of his American 


Georg cases for 


Competitiveness Initiative (Sefence, 10 Febru- 
ary 2006. p. 762). The increases, part ofa pro 
posed 10-year doubling for NSF, DOE sei- 
cence, and the core labs atthe National Institute 
of Standards and Technology (NIST). were 
embraced last summer by House and Senate 
spending panels. But those efforts went by the 
boards afte Republican-led 
Cong bill and the 
new Democratic majority announced that it 
planned to hold 2007 spending to 2006 levels 
(Science, 5 January, p.24) 

Any boost for research in the so-called 


the outgoi 


ss failed to pass a spendi 


joint funding resolution is a tribute to the 


bipartisan support for science within 


23 FEBRUARY 2007 V 


Be mine. Lobby 


Congress, say lobbyists. In particular, the bill 


tracks with an innovation agenda released by 


congressional Democrats, led by Pelosi, 


nearly 1 year before they were voted into 


And althou; 


ower. science advocates 


shed hard for increases that would match 


House Speaker Nancy Pel 
the president’ levels, they were not optimistic 


about the outcome of negotiations that took 


place behind closed doors from mid-December 


approved without amendments by the House 
on 31 January (ScienceNOW, sciencenow 
sciencemag ony/¢xi/content full 2007/130/1) 
andby the Senate 
surprise. NSF'S research account received its 
full 2007 request, DOE'S S3.6 billion Office of 

$306 million 


weeks lat 


wasa pleasant 


Science received 40% of 
request, and NIST’s core lab: 
proposed $104 million boost 

There are two words why any research 
yoney was added to the House bill: Nau 
Pelosi,” says John Palafo: 
for AeA (formerly the American Electronics 
The [congressional] staff was 
hopes up 


Association). 
telli 
research would be flat 
thing else.” Despite stre 
tech CEOs and university 


ety presidents ur; 


ned along with every 


fic soci- 
ing support for basic 


SCIENCE 


(0-0) for research gains 


Getting to 
the point 


research, he said. all indications were that 
addin lin 

An appropriations staffer who requested 
anonymity describes a free-for-all in which 
members’ priorities were matched up with 
“Weall submitted our 
lists [of exceptions to the 2006 spendin 
els}, and some of them included offset 
the aide, “And I have to tell you, | was 
stunned by the NSF level.” 
The 2007 spending 
ies whose but 
ssional earmarks, pr 
ets inserted by individual legis- 


money “was too b 


the money onthe table 


ill contains.a special 


ts are 


lators that were not requested by 


ey. The Democrats’ deei- 


the ag 
sion to erase all 2006 earmarks 


allows agencies to spend the 


extra” money as they see fit, 


subject to the approval of th 


operating plan by approp! 
There was $128 million in such 
earmarks in DOE's 2006 science 
budget, forexample, and $137 mil- 
lion in NIST's bux 

Even so, some | 


el 
ators are 


keeping close tabs on their favorite 


was to see the second of five 
SIS n awards, funneled 
through the Deparment of Veter- 
ans Affairs (VA), to the University 
of Texas Southwestem Medical Center in Dal- 
arch on a controversial theory link- 
ous symptoms 


las for re 


neurotoxins to the myst 
J veterans after the first Gulf War 
Mare Short, a spokesperson for porkbarrel- 
tor Kay Bailey Hutchison (R-TX), 
sys that the VA “signed a contract with UT 
Southwestern, 


[and] we certainly would 
expect the VA to honor that commitment, 

The biggest wrinkle yet to be ironed out of 
the bill is whether agencies can use their 
projects anal programs. The pre- 
vious spending measure that governed the 
first 44 months of the 2007 fiscal y 
but the final bill contains no suc! 

NSF Director Arden Bement hopes to 
jor research 


money to sta 


saidno, 


restrictions, 


begin construction on three m 
facilities in his 2007 budget: the Ocean Obser- 
vatories Initiative, the Arctic Research Vessel, 
he National Ecological Observatory Net- 


work, although each one is bei 
reconcile their scientific objectives with rising 
costs, But DOE appears to be taking a > 


rescoped” to 


different tack, according to lab offi- 
cials, Brookhaven National Labora- 
tory in Upton, New York, foreseesa 
20-week run of its Relativistic 
Heavy lon Collider—which last 
year relied on a $13 million private 
donation—but no new design work 
for the proposed $775 million 


National Synchrotron Light Source 
ILA delay also seems likely for a 

suite of instruments known as SING-II at the 
Spallation Neutron Source at Oak Ridge 
National Laboratory in Tennessee, and a neu= 
ment called NOVA at Fermi 
N tor Laboratory in Batavia, 
linois, At the same time, the Thomas Jeffer- 
son National Accelerator Facility in New- 
port News, Virginia, hopes to press ahead 


\with an upgrade of its CEBAF particle acceler 
ator even if it means running fewer experi- 
ments this year. 

NIH hopes to make an additional 
500 researc 91 million for 


ants, includ 


PRIMATE BEHAVIOR 


Not yet. Brookhaven's proposed new light 
source i likely on hold for another year. 


or find, $40 million for shor 
sk 
illion for the National Children’s 
(Science, 9 February, p, 751). The 
boost may look small for a $28 
acy, but itis a “wremende 
Jon Retlaff, kegistative director of the Federt- 
tion of American Societies for Experimental 


inior pioneer” awards, and 


Biology, compared to flat funding in the presi 
dent's 2007 request and some 450 programs 
that have been cut from 2006 levels. 

NASA is amor 
of the agency's spendin 


oup, and the chair 
panel, Senator 


Barbara Mikulski (D-MD), apolo- 
ed for not doing better durin; 
“This joint fund- 


the 


-gotiations, 
fesolution is not what anyone 
wanted,” she declared immediately 
afier the vote, The only silver lining 
Mikulski could find in a $16.2 bile 
Tion budget that falls $400 million 
below 2006 levels is that science 


accounts were not raided to pro- 
vide some $460 million designated for new 


Vehicles, 
the expectation that 2008 will 
be another tough budget yea 


Pelosi's 
spokesman, Drew Hammill, says that the 
2007 


udiget “isthe first step of good t 


come for science funding.” Lobbyists sure 


hope he’s right. “Science 
bipartisan support” says Joel Widder of Lewis- 
Burke Associates in Washington, DC,"Butthe 
“JEFFREY MERVIS 


ng by Adrian Cho, Jennifer Couzin, and 


arithmetic still stinks. 


With repon 
Eliot Marshal. 


Spear-Wielding Chimps Seen pune Bush Babies 


The right to bear arms has long been consid- 


ered 4 distinctly human privilege. But 
apparently the Second Amendment to 
the U.S, Constitution applies to chimpan- 


2ee8 100, a le they're out hunting 


smal game. 


st 


Researchers in Senegal recently spotted 
wild chimpanzees biting the tips of sticks, 
which they then used like spears t0 
jab small primates called bush 
babies. Anthropologist Jill Pruetz 


of lowa State University in Ames 


\was astonished when her project 
manager saw a chimp thrust a 
sharpened stick into a hole ina 
tree and pull out a Limp bush baby 
tocat, accord 
the 6 March issue of Current B 

“This is stunning,” says primatolog 
Craig Stanford of the University of South- 
ern California in Los Angeles. I's the first 


gto a report in 


time a nonhuman primate has been known 


to make a lethal weapon for hunting other 


animals, he says, “This is no aneed 
they have 22 cases,” adds primatol 
William McGrew of Cambridge University 
inthe UK ain, chi 


“Once a panzees 


Bush baby, 
beware. 


exceed our imaginations.” 
A 
known for some time that 


hropologists have 
chimpanzees are adept at 
making and using stick and stone tools, for 
example to probe termite mounds or crack 
nuts. And researchers have seen gangs of male 
chimps kill monkeys by beating and biting. But 
they thought only humans used tools to hunt 


Pruetz’s team, working at the Fongoli 
research site in the wooded savanna of 
Senegal, observed chimps breaking off 


branches and in four cases using their 
incisors to sharpen the points. The chimps. 
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BR 


which typically weigh 26 to 60 kilograms, 
\Were hunting nocturnal bush babies, 100- to 


300- 


m primates that hide by day in holes 


in trees. In all, Pruevz and Paco Bertolani, 
zraduate student at Cambridge University 
documented 10 different chimps th 


usting 
the tools into holes in 22 instances, “This is 
habitual,” says Pruetz, whose team logged 
2500 hours of observations, 


Other researchers were impressed by the 
though some noted that the 
researchers saw only one bush baby actually 
killed 
around for something else 
behavior ecologist John Mita 
versity of Michigan, Ann Arbor 
Pruetz says the chimps’ intent was clear 
They jabbed the sticks in the holes with 
enough force to injure prey and fi 
corously than when probi 
bush baby rem: 


observations, 


“Could they have been rooting 


asks primate 
of the Uni- 


more vig- 
for termites. And 


ns were common in chimp 


feces, indicating they were regular fare. 
In another surprising twist, most hunters 
were females, “It's a double whammy.” says 
Pruetz. “It doesn’t fitthe old paradigm of Man 

the Hunter” Make that Chimp the Hunter. 
ANN GIBBONS 
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SCIENTIFIC PUBLISHING 


European Union Steps Back From 


Open-Access Leap 


BRUSSELS—Europe took center stage last 
week in the growing battle for free access to 
the results of publicly funded research, 
An online petition. signed by 
14,000 researchers and 5 
izations in the European Union (E.U,) and 
presented here at the start ofa 2-day meet- 
ing, asked the European Com- 

mission to take bold acti 
led open access, Tradi- 
tional scientific publishers 


most 


launched a counteroffensive 
arguing that the future of seier 
tific communication—as well 
as their €3 billion European 
industry € 

For the moment, the publish- 
ers’ argument has carried the 
day: In a policy brief, the com- 
mission failed to enact a mands 
tory open-access policy for 
BU, 
disappointment of ardent sup- 
porters of the petition. “This 
doesn't reflect the spirit of what's 
happening in Europe,” says co 
tist Stevan Harnad of the University of 
pion in the United 


funded sciemtists, to the 


Open-access proponents argue that sci 


one for free, instead of only from publishers 
Ata cost. One way to achieve this goal is to 
ask researchers to make a copy of each 
paper freely available online, perhaps on 
their institute’s Web site—a step called 
“self-archiving.” The U.S. National Insti- 
tutes of Health asks researchers to do this 
on a voluntary basis; legislation to 
it compulsory for most taxpayer-funded 
researchers has stalled in the US. Congress 

Meanwhile, five research councils in the 


United Kingdom have made sel archiving 
within 6 months of publication mandatory, 
as have other research funding agencies. If 


the E.U. required the same from the scien- 


tists it funds through its €50 billion Seventh 
Framework Programme, many individual 
countries—within and outside the E.U, 

might follow suit, contends Harnad. “It 
Would be terrific if this big domino fell.” he 
says. Indeed, a commission-sponsored 
study of the publishing industry by Belgian 
and French academies recommended 
mandatory self-archiving in January 2006. 
as did a December report by the commis- 


+h Advisory Board, 
funded European 


sion’s European Resea 
The brand-new E.U, 
Research Council also supports the idea, 
‘But mandatory self-archiving has met stiff 
resistance from most scientific publishers. 
Making papers freely available after just 
6 months may lead librarians to cancel sub- 


Putting on the pressure. Sijbolt Noosa (ight, who chairs a Euro 
pean University Association working group on open access, presented 
the petition o Research Commissioner Janez Pototnik las week. 


scriptions, threatening the entire publication 
system, they said at the 2-day, commission 
sponsored m here. Publishers also 


questioned the economics of new-style online 
journals—such as the Public Library of 
Science(PLoS)—in which authors pay to pub- 
lish and access is free. Such a business model 
istoo young to know ifft ean work. they said. 
The commission agrees. for now. In a 
14 February policy statement. it acknow!- 
edged that data from publicly funded 
research “should in principle beaccessibleto 
all” and offered steps to move in that dinec- 
tion, such as a promise to reimburse scien- 
tists publishing in journals such as PLoS. But 
it didn’t endorse a mandate to self-archive, 
asking for more studies and debate instead. 
Robert Campbell, president of Blackwell 
Publishing, calls it a 
ing” position. But Harnad 
sion’sstepsare “wishy-washy” It appears wo be 
protecting publishers” interests without realiz- 
ing that open access would have much greater 
economic benefits overall, he says. Other sup- 
porters of open access take a more optimistic 
‘view The commission s sill new tothe debate 
and may come around, notes Sijbolt Noorda, 
chair of the Association of Universities in the 

Netherlands. “Rome wasn't builtin one day: 
MARTIN ENSERINK 


the commis- 


SCIENCE 


“Hobbit” Finders to Return 


The team that discovered the remains of tiny 
humans in Indonesia's Liang Bua Cave plans 
to restart excavations in May. After contro- 
versy arose over whether the tiny bones were 
«a new species or pathological Homo sapiens, 
Indonesian authorities closed the cave to 
anthropological digs. Now they are again 
allowing excavation, says team co-director 
‘Mike Morwood of the University of Wollon: 
‘gong in Australia, 

Two digs are planned: Last August, a 
paleoerwvironmental team led by Michael 
Gagan of Australian National University in 
Canberra uncovered a chamber below Liang 
Bua that contains bone material. Indonesian 
and Australian researchers plan to return to 
that chamber in June, says Gagan. Momwood 
says he hopes they find “fresh” remains that 
‘could yield ONA. ELIZABETH CULOTTA 


AWave of Approval 


The world’s three large gravitational wave 
detectors will work together to measure the 
minuscule stretching of space. The Virgo detec 
tor near Pisa, Italy, will share data withthe Laser 
Interferometer Gravitational-Wave Observatory 
(LUGO), which has detectors in Livingston, 
Louisiana, and Hanford, Washington. Scientists 
proposed joining forces months ago (Science, 
6 October 2006, p, 33), and funding agencies 
in the United States, aly, and France sealed 
the deal last week. LIGO already collaborates 
with GEO600, a detector near Hannover, Ger 
many. Any one detector could sense the waves, 
says Jay Mar, executive director for LIGO at the 
California institute of Technology in Pasadena, 
but together the three should be able to better 
pinpoint the sources. ADRIAN CHO 


Indonesia, WHO Patch Up 


Indonesia and the World Health Organization 
(WHO) appear to have resolved an impasse on 
the sharing of avian influenza samples after 
two of the agency’s lu experts met with 
Indonesian health minister Siti Fadillah 
Supari in Jakarta last week 

Indonesia had announced it would stop 
sharing HSN1 strains with WHO'S four collabo: 
rating centers without an agreement to limit 
‘commercial use ofthe virus. The county did so 
after discovering that an Australian company 
had developed a vaccine based on an Indone 
sian HSN1 strain. A 16 February joint declara 
tion said that Indonesia would resume sharing 
strains while WHO would help the country and 
its neighbors find ways to ensure access to vac 
ines at an affordable cost, -MARTIN ENSERINK 
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MATHEMATICS 


Quasi-Crystal Conundrum Opens a Tiling Can of Worms 


The mosques and palaces of the medieval 
Islamic world are wonders of design, 
Because tradition forbids any pictorial deco- 
rations, they are covered with complex and 
intricate mosaics, These geometric patterns, 
called girth in Arabic, may be even more 
sophisticated than has been appreciated. 

On page 1106, physicists Peter Lu of 
Harvard University and Paul Steinhardt of 
Princeton University propose that archi 
made @ conceptual breakthrough sometime 


Middle Age masters. 
The medieval architects 
who created complex 
tiling patterns, such as 
these on a madrasa in 
Bukhara, Uzbekistan, 
‘may have been more 
sophisticated than has 
been appreciated. 


between the 13thand 15th centuries. By first 
Visualizing a surface as.a tiling of polygons, 
these unknown scholars created girih 
patterns tha most exactly to a 
pattern called a quasi-crystal. If Lu and 
Steinhardt are right, then the Islamic world 
discovered a piece of mathematics 00 years 
before it was formally described in the West. 
But the paper has also sparked a rancorous 
dispute over who first made this insight, and 
whether it is true at all, 

in the 1960s, mathematicians 
studying the geometry of tiling came up with 
the concept of the quasi-crystal. Tiling is 
stalline if it is made up of an infi 


conform a 


ery also made up of a finite 
set of interlocking units, but their pattern 
never repeats even if tiled infinitely in all 
directions. Researchers also found that 
although pentagons and decagons don’t fit 
easily into normal tiling, in a quasi-erystal 
such fivefold and 10-fold rotational symme- 
tries are integral. The most famous quasi- 


crystal pattern is “Penrose tiling.” named 
after Oxford University mathematician and 
cosmologist Roger Penrose. 

In 2005, Lu, adoctoral student at Harvard, 
noticed a geometric pattern on the wall of an 
Islamic school in Uzbekistan with surpris- 
ingly complex decagonally symmetric 
motifs. “It got me thinking that maybe quasi- 
crystals had been discovered by Islamic 
architects long ago.” he says. Islamic archi- 
tects began to explore motifs with fivefold 


and 10-fold rotational symmetry du 
flourishing of geometric artistry between the 
1th and 16th centuri 

Back at Harvard. Lu began to study archi 
tectural scrolls from that period. On many 
scrolls, faintly sketched beneath the intricate 
lines of the girth design, was a polygonal 
tiling pattern. “I found the outlines of the 
same tile shapes appearing over and over, 
he says. Lu realized that Islamic architects 
could have used a pattern of polygonal 
shapes—which he calls girih tiles 
starting point for their designs, er 
wonderfully complex girih pattern by trac- 
ing lines from tile to tile following 
rules. And if the right shape of giri 
\were laid together just so, the resulting pat- 
tern could be extended forever without 
repeating —a quasi-crystal, 

Luexamined“a few thousand” photos of 
real mosques and found that although 
decagonal girih patterns became increas- 
ingly common from 1200, nearly all are 
periodic and so are not quasi-crystals. But 


then he found a photo of the Darb-i lmam 
shrine in Isfahan, Iran, built in 1453. Its 
decagonally symmetric motifs on two dif= 
ferent length scales are a telltale sign of a 
quasi-crystal, Working with Steinhardt, his 
former undergraduate adviser and a quasi- 
crystal expert, Lu found that the Darb-i 
Imam girth pattern can map onto a Penrose 
tiling. There were a few defects, but these 
are superficial, says Lu, and were likely 
introduced by workers during construction 
co repair. “We realized that by the 15th cen- 
tury, these architects had the makings of 
quasi says Lu, 

The paper has had a mixed reception 
Crystal expert Emil Makovicky of the Uni- 
versity of Copenhagen, Denmark, studied 
sgirih pi 
the patterns on a tomb in Maragha, Iran, 
built in 1197, concluded that they map onto 
Penrose tiles and was published in a 1992 
book about fivefold symmetry. Lu and 
Steinhanit cite his work, he says, but “with- 
‘out proper quoting and ... in a way that [the 
ideas] look like their ow 

Physicist Dov Levine of the Israel Institute 
of Technology in Haifa agrees that Makovicky 
deserves more credit than he is given in the 
paper. “His analysis of [the Maragha tomb} 
patterns anticipates some of the ideas in the 
Lu and Steinhardt paper.” he says, Joshua 
Socolar, a physicist at Duke University in 
Durham, North Carolina, agrees that 
Makovicky deserves credit for discovering 
“an imteresting relation between the Maragha 
pattern and a Penrose tiling with a few 
defects” Both Levine and Socolar doubt that 
the architects truly understood quasi-crystals 
but say Lu and Steinhardt have generated 
interesting and testable hypotheses, 

Luand Steinhardt say they Were aware of 
Makovicky’s published work on the subject, 
but “Wwe have found serious problems with 
both his technical reconstruction and gen- 
eral conclusions.” They say that they decided 
to limit their references to Makovicky “to 
avoid having to address the serious technical 
problems with his work.” Makovieky dis- 
agrees that his work is flawed. 

Beyond the question of credit, just 
how mathematically sophisticated these 
medieval architects really were remains 
open. “We haven't done an exhaustive search 
of Islamic architecture by any means.” says 
Lu. “There could be a perfect quasincrystal 
pattern waiting to be foun 
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ARCHAEOLOGY 


Clovis Technology Flowered Briefly 
And Late, Dates Suggest 


Foralmost 80 years, one of the most enduring 
puzzles in the archaeology of the Americas 
has been the “Clovis culture,” known for its 
elegant, distinctively shaped projectile 
points. Was Clovis the progenitor of all later 
Native American societies, as many 
researchers have long maintained, and, if so, 
how and when did it arrive in the Americas? 

On page 1122 of this week's issue, 
Michael R. Waters of Texas A&M University 
in College Station and Thomas W. Stafford Jr, 
proprietor of a private-sector laboratory in 
Lafayette, Colorado, use new radiocarbon 
data toangue that Clovis wasa kind of brilliant 
flash in the pan—a movement that may have 
flourished across North America for as litle 
aas 2 centuries around 13,000 years ago. The 
new dates also put Clovis a bit later than 
thought, making it harder to accept that it was 
the first in the Americas, 

“What this paper does is reinforce how 
unusual was the phenomenon we call 
Clovis.” says Michael R, Bever of the Uni- 
versity of Texas, Austin, “To have it rise and 
fall [throughout North America] in as little 
as 2 centuries” is a phenomenon with few 
equivalents in the archaeological record, 

‘Waters says that he and Stafford, an expert 
in the complex art of radiocarbon dating. set 
‘out “to nail down the most basic qu 


§ Clovis up close. Researchers say more dates are 
needed at sites such as this one in Gault, Texas. 
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When was Clovis?” The heyday of the 
technology has typically been set between 
11,500 and 10,900 radiocarbon years B.P. 
(The radiocarbon calibration is disputed for 
this period, but the widely used ImtCal04 
alibration puts the dates at 13,300 to 
12,800 calendar years B.P). Ina controversial 
move, Waters and Stafford angue that no fewer 
than 11 of the 22 Clovis sites with radiocarbon 
dates are “problematic” and should be disre- 
garded—including the type site in Clovis, 
New Mexico. They argue that the datable 
samples could have been contaminated by 
earlier material 

Of the remaining 11 sites, Waters and 
Stafford found that five had been recently 
dated by higher-precision techniques. The 
pair decided to redate the others, succeeding 
in all but one case. The results, Waters say's, 
“were a real surprise.” All of the new dates 
as well as all of the previous acceptable 
dates—occurred within, at most, a 430-year 
band, Indeed, they say. Clovis probably 
existed for as little as 200 years, betwee 
11,050 and 10,800 radiocarbon years BP—a 
cultural lowering both somewhat later and 
‘considerably shorter than thought. 

The later. more precise dates support 
the emerging view that Clovis was not the 
pro F culture, because it overlaps or 
‘occurred after other cultures, including one 
in Monte Verde, Chile, dated to 1000 years 
before Clovis. 

The real surprise of the paper, according to 
David Meltzer of Souther Methodist Univer- 
sity in Dallas, Texas. “is the compressed time 
frame for Clovis writ large.” So fast was its 
apparent spread that Stafford suggests that 
Clovis may have been a set of technologies 
that were picked up by a mosaic of different 
cultures across North America rather than 
single, fast-moving society. “These tight 
sites. ifthey hold up. may help us resolve that 
long-standing debate.” says Meltzer, who 
‘questions the decision to discard the 11 sites. 

Meltzer stresses that the dates used are 
from a minority of North American sites, 
most in the west, whereas most Clovis points 
have been found in the east. Until more data 
are compiled, he says. researchers “can’t 
know whether this isa real effect or simply a 
consequence of sampling.” In a sense. 
Stafford agrees. “We need to get more people 
‘out in the fiek.” he says. “We hope these dates 
motivate that.” CHARLES C. MANN 


Stem Cell Grants Awarded 


The California institute for Regenerative Medi 
cine (CIRM), whichis funding human embry 
‘onic stem (ES) cell research in that stat, last 
week announced its first $45 million in 
‘esearch grants to 20 California institutions. 
The top recipient is Stanford University, with 
12 awards totaling 57.6 million over 2 years 
Faculty with the University of California, San 
Francisco, came in second with 11 grants 

‘Among the awards are some novel attempts 
at reprogramming differentiated cells toa 
pluripotent—or ES cell-tike—state, And the 
‘Burnham Institute for Medical Research in San 
Diego is yetting $638,000 to generate a library 
‘of ES cell lines that model a number of human. 
‘genetic diseases. A second, $80 milion round 
of grants is slated to be announced this spring 
‘CIRM is moving ahead with the aid of private 
donations and a 5150 million state loan, pend: 
ing resolution of lawsuits that have delayed 
bond sales. 

CGIRM is also hunting fora president to 
succeed Zach Hall, who plans to retire in June. 
National institutes of Health stem cell chiel 
James Battey is rumored to be a top contender 
for the job CONSTANCE HOLDEN 


Kaiser to Set Up Gene Bank 


The health care provider Kaiser Permanente 
‘hopes that 500,000 ofits 2 million adult mem: 
bers in northern California wll participate in a 
massive genetics research program containing 
DNA samples with health information to find 
links between genes, environment, and dis: 
ease. Kaiser has stated asking members about 
their family history, lifestyle, and other matters, 
and plans to collect saliva or blood samples 
from willing participants in the next few years. 
The venture “is contingent on our acquiring 
additional funding,” says Catherine Schaefer, 
director of the program, which has raised 

57 million of the tens of milions of dotlars 
‘needed. It will safeguard the confidentiality of 
participants, and Kaiser will make data aval 
able on a case-by-case bass to outside scien 
tists, she says. 

Kaiser “isin a strong position,” but its 
plan won't include a geographically diverse 
cohort nor the uninsured, notes Francis 
Collins, director of the National Human 
Genome Research Institute in Bethesda, 
‘Maryland. Collins would like to start a broader 
study from scratch, which he admits would 
ost hundreds of millions of dollars a year. 

JENNIFER COUZIN 
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AAAS ANNUAL MEETING 


Wedging Sustainability Into 
Public Consciousness 


SAN FRANCISCO, CALIFORNIA—In a dark 
ened ballroom in the Hilton San Francisco, 
413 people tap numbers onto slate~ 
keypads, each the size of a thick paperback 
book. Around them, almost 600 others 
watch as two screens at the front of the 
room reveal the results of their manipula- 
tions: a selection of strategies 
for taking wedge-shaped bites 
out of a graph of projected lev 
els of atmospheric carbon over 
the next 50 years, Their mission: 
to whittle future CO, levels 
down to w plateau in time to 


avert intolerable greenhouse 
warming. 

The “Wedge me,” based 
on “stabilization wedges"”—a 
concept developed by Robert 
Socolow and Stephen Pacala of 
Princeton University (Science. 
13 August 2004, p, 968)—was 
part of a town hall-like session 
for teachers and students at the 
AAAS Annual Meeting, held 
here from 15 to 19 February 
The game, designed to convey 
scale of the effort needed to 
ibilize carbon emissions and 
the pros and cons of possible 
options, was just one of some 200 ses- 
sions, ranging from “Addiction and the 
Brain” to "Education, Learning, and Pub- 
lic Diplomacy in Virtual Worlds.” (For cov- 
erage of selected sessions, visit www.sci- 
encenow.org,) But one theme dominated 
the meeting: d Technology for 
Sustainable Well-Being. 

AAAS President John Holdren of 
Harvard University and the Woods Hole 
Research Center in Massachusetts set the 
stage with an opening address 
in which he warned of the da 
gers of complacently expecting 
technological fixes such as 
nuclear fusion to solve our 
problems. “I'm a great believer 
in science and technology, but 
the notion that science and tech- 
nology will ride to the rescue is 
a pernicious one.” Holdren told reporters 
at a morning briefing before the talk 
“Believing in technological miracles is 
usually a mistake.” Instead, he said. a huge 


going ... The 
Quelccaya ce Cap in Peru 
fn the 1930s Ginset) and 
ina recent photo. It could 
bbe gone in S years. 


effort on many fronts will be needed, 
Holdren urged scientists to “tithe” 
10% of their time to working on four 
key challenges: global poverty, the com- 
Petition for resources, the “energy-ccon- 


nvironment dilemma,” and the 
threat from nuclear weapons. 


omy 


For its 4000 participants and 3000 visi- 
tors, including some 1000 reporters, the 
offered a crash course in those 
challenges and how scientists are tackling 
them, from “big picture 
technical nuts and bolts 
Researchers monitoring the state of the 
planet reported warning signs from several 
quarters. Glaciologist Lonnie Thompson of 
Ohio State University in Columbus said 


mee 


strategies to 


'm a great believer in science 

and technology, but the notion 
that science and technology 

will ride to the rescue is a 
pernicious one.” —John Holdren, AAAS 


ice cores from the Quelecaya Tee Cap in 
y in the 
70 meters above sea 
show that the ice is now melting 


level 


faster than precipitation can replenish it, 
“All things being equal, those glaciers 
should be growing.” he said. Thompson, 


who has been studying such glaciers for 
decades, estimates that the 5000. 
glacier could be gone within 


cause temperatures at high altitudes are 
more stable than those below. he says, 
melting tropical mountain glaciers could 
be a “canary in the coal mine” for global 
climate change. Their loss could devastate 
the millions of people who depend on 
them for water. 

Meanwhile, in the Pacific Ocean, a 
research cruise from Tahiti to 
Alaska has shown that the 
upper 700 meters of the north- 
eastern Pacific have increased 
their acid content by about 
5% within the past 15 years, 
The change matches what com- 
puter models predicted would 
happen as more carbon dioxide 
from the atmosphere dissolves 
in seawater, said Richard Feely, 
an oceanographer with 

the U.S. National 
Oceanic and Atmos- 
pheric Administra- 
tion in Seattle, Wash- 
ington. Largely as a 
result, Feely caleu- 
lates that the zone 
within which marine 
erwatures 
cium carbon 
rowing shallower by 
1 to S meters per year 

Even some of the supposed good news 
about climate change is looking less rosy 
“You tell farmers in high latitudes th 
going to get warming temperatures and 
longer growing seasons—end of story. 

“re happy.” plant ecologist David 
of Cornell University said at one 
session, But recent outdoor field studies 
with carbon dioxide suggest that 


re 


benefits are about half what we thought 


they were.” he said. Also, hotter weather 
could damage milk production and 
crop yields. New work suggests that 
emboldens weeds more than crops and % 
could require farmers to double the & 
amount of herbicide they use. | 

5 


Problems dominated news reports from 
the meeting, but more than thi 
many sessions focused on the quest for solu- 
tions: economically competitive biofuels, 
better 
efficient 


imes as 


water resources, and more 
ish farms, fisheries, and > 
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livestock grazing. The tone ranged from 
matter-of-fact to unabashedly techno- 
optimistic. In a fast-paced pep talk in the 
run-up to the Wedge Game, for example 
long-time alternative-energy advocate 
Amory Lovins of the Rocky Mountain Insti 
tute in Snowmass, Colorado, hymned the 
Virtues of greener living through engine 
ing. Ultralight low-drag cars, better- 


ENVIRONMENTAL REGULATION 


insulated houses, and decentralized low- 
carbon “micropower” energy sources, he 
predicted, would stabilize Earth’s elin 
while reaping huge profits for businesses 
that seize the opportunities they present. 
“The low-hanging fruit is mushing up 
around our ankles.” Lovins said. 

Perhaps influenced by Lovins, the We 
Gamers voted fora deep-green mix oftwo parts 
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increased efficiency and one part each solar 
electricity, wind power, driving less, switching 
from petroleum to natural gas, and “biostor- 
age” (planting forests to absorb CO,), 1's far 
from current U.S, energy policy, but it reflects 
much of the thinking on display at many other 
sessions at this meeting. -ROBERT COONTZ 
With reporting by David Grimm, Eli Kintisch, Greg 
Miller, and Erik Stoksta. 


U.S. Courts Say Transgenic Crops Need Tighter Scrutiny 


Citing a broad range of risks, U.S. federal 
judges in three separate cases have asked 
the U.S. Department of Agriculture (USDA) 
to examine genetically engineered crops 
more closely, The courts said the depart- 
ment had violated the National Environ- 
mental Protection Act (NEPA) in approving 
commercial sales of transgenic alfalfa and 
field trials of turf grass and plants en; 
neered to produce pharmaceuticals 


Critics of genetically engineered crops 
say the decisions, wo issued this month and 
‘one last August, will compel ti 
tion of transgenic crops. Will Rostov, an 
attorney for the Center for Food Safety in 
Washington, D.C,, which filed all three law- 
suits, called the alfalfa decision, rendered 
12 February by US. District Judge Charles 
Breyer in San Francisco, California, 
“another nail in the coffin for USDA's 
hands-off approach to regulation.” But 
Stanley Abramson, a lawyer who represents 
several biotech companies, pointed out that 
the courts raised questions about USDA'S 
procedures, not its substantive decisions. 
He predicted that USDA‘s final judgments 
would hold up in court. 

The alfalfa verdict could have the 
most significant impact, In 2008, USDA. 
approved the sale of Roundup Ready 
alfalfa, jointly developed by Monsanto and 
which ean 
withstand the popular herbicide glyphosate. 
But last week. Breyer said that the depart- 
ment should have first prepared an environ 
mental impact statement (EIS) as required 
under NEPA. 

Joseph Mendelson of the Center for 
Food Safety said that his group may 
demand an end to sales of genetically engi- 
neered alfalfa or even a ban on planting 
transgenic seed already in farmers” hands. 
USDA officials declined to discuss the 
government's position or whether it plans 
to appeal. A spokesperson for Monsanto, 
which sells genetically engineered alfalfa 


(On the farm, Alfalfa is the third most valuable crop 
grown in the United States. 


but was not a party to the lawsuit, said he 
did not expect sales to be halted, Breyer 
gave both sides until next week to propos 
regulatory fixes. 

The second verdict. handed down 5 Fek 
ruary by a Washington, D.C., district judge. 
found that USDA should have earned out an 
EIS or a more modest environmental assess- 
ment before it allowed a 162-hectare field 
| of transgenic turf grass near Madra 
egon, in 2003. And last August, a federal 
court in Hawaii faulted USDA for approv- 
ing field trials in Hawaii of corn and sugar 
‘ane engineered to produce experimental 
pharmaceuticals without considering the 
states numerous endangered species. 

In two of the cases, the judges expressed 


eoncerns about potential risks that USDA 
icant or outside 
le. Breyer, for instance, com- 
plained that USDA ignored the cumulative 
impact of glyphosate-tolerant alfalfa, cor, 
and soybeans. Greater use of glyphosate 
increases the odds that weeds will develop 


resistance to it. 
Breyer also said USDA erred when it 
dismissed as not “significant” the concerns 
‘of onganic farmers who don’t want Roundup 
Ready pollen or seeds spreading to th 
alfalfa fields, The possible replacement of 
traditional varieties is itself significant, he 
noted. “An action which eliminates or 
greatly reduces the availability ofa particu- 
lar plant—here, nonengineered alfalfa 
has a significant effect on the human envi= 
ronment,” he wrote, 
USDA argued that cross-poll 
n’ta serious problem in alfalfa, because 
farmers typically harvest their fields before 
the plants have a chance to flower, much 
less produce seeds. Producers of commer- 
alfalfa seed, however, would have to 


wa 


make sure their conventional and trans- 
nic fields were widely separated. Alfalfa 
is pollinated by bees, which can carry 
pollen at least 3 kilometers. 

In the turf grass case. Judge Henry 
Kennedy found th: 
froma large 
a nearby area's “aesthetic and recreational’ 
value. Pollen from the bentgrass spread up 
to 20 kilometers into the nearby Crooked 
River National Grassland, 

Many scientists, including some eri 
of genetically engineered crops, say the 
bentgrass poses no real ecological threat in 
that area because it isn’t well adapted to the 
region’s arid climate. But the spread of this 
“confined” field trial proved embarrassing 

which hopes eventually 10 

ed to golf courses, 
~DAN CHARLES 
Dan Charts isa Washington, D.C.based scence write 
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CUNHA, BRAZIL—Benedito de Carvalho Filho 
strides across his yard, through an empty cow 


pen and uphill, He clambers over rocks and 


searches, pushing aside shreds of barbed wire 


and vegetation, as his 12-year-old son shad 


‘ows him. Finally, the farmer stops and points 
to the eye of a spring that barely percolates up 


from the earth, His water—or what's left of it 


Throughout this pastoral regi 
once the heart of Brazil's Atlantic rainforest 
extensive deforestation has not only 
changed land cover, it has also altered the 
hydrologic cycle. The forest once 


stretched over 1 million sq 
kilometers along Brazil's coastal 
region with extensions inland 
Today, only 7% of that original 
And now, de 


extent persists. 
Carvalho and other farmers are 


tion: The fresh and abundant 


ground water they have relied on 


foor decades is disappearing. For 
his family and his crops to have 
water, de Carvalho needs the rain- 
forest back, He may be in luck 
With little fanfare, this past 
December, biologists and farmers 
planted the first seedlings of an 
ambitious project that ultimately 
aims to reforest I million hectares 
(2.47 million acres) of riparian 
rainforest across S30 Paulo. 
Brazil's most populous state. The 
1 is not just to recreate this 


\ 
‘Some refori 


ation Projects result in fittle shore 


‘than tree plantations. Ar ambitious project in 
Brazil’s Sao Paulo state isfryingito go further 
and create a real working ecosystem 


“ Reconstructi 


globally unique ecosystem but also to 
inforest 

Fnat- 
and soil fertility to the sequestra- 


reclaim the so-called services the 


‘once provided, from the maintenance 
tural sprin; 


tion of carbon, 
is 
from the state 


order. Funded with seed money 
ind the Global Environment 
Facility (GEF), the Riparian Forest Restora- 


tion Project (RRP) will require an estimated 
2 billion seedlings of hundreds of species of 
trees and take decades 
total bill could top 82 billion: 


» complete. The 


Riparian Forest Restoration Project 


THE FIVE PRIORITY WATERSHEDS 
IN SAO PAULO STATE 


now being tested in plot projects 
in five watersheds, would raise that 
total to abe 


SCIENCE 


ing Brazil’ s 


$2000 per hectare 
has been raised. 
tis hard 
ect undertaken anywhere that is quite this 
ambi says Thomas Lovejoy, formerly 
¢ World Bank's chief biodiversity advisor 


just a fraction of which 


ink of a reforestation proj 


Even if the RRP achieves only some of its 
ambitious goals, say conservation sci 


ists, 
it appears set to test the limits of nature's 
resilience, the science of ecological restora 
tion, and societal commitme 


Dimensions of diversity 
A The RRP will focus 
on restoring forest 


BRAZIL along the denuded 
. margins of rivers and 

Y sso Pavlo Streams that establish 

_ migratory corridors for 

5 animals and plants and 


protect th cal health 


of waterways. The eventual goal 


is to recover a significant porti 
of the st 


diversity of the 
rainforest’s flora and fauna 


its bromeliads, lianas, shrubs. 


Grose ils Riovsat Oa sso Pou sses, birds, bats, butterflies, 
blanketed more than 80% of $30 insects, microbes, mammals 
Paulo; today, onty 13% of the state and amphibians. 

45 forested. Completion of the How exactly to do that is being 
Riparlan Forest Restoration Project, ATLANTIC OCEAN tested in pilot projects in five wat 


sheds across Sao Paulo state, with 
$19 million in stat 


p funds pro- 
vided primarily by the state, GEF 
and the World Bank, Each of the 


five watersheds is in turn divided 
into three “microwatersheds” tha 


represent a range of ecological as 
\well as social challenges. In Cunha, 
for instance, located within th 
larger Paraiba do Sul watershed, 
subsistence farmers work within 
mosaic of forest f 


West watershed, 


sugar cane is king 
forest is hard to find, 

In these pilot projects, the state 
Department of the Environment 
aand its partners are experimenting with a vari- 
ety of restoration methods. Some emphasize 
replanting trees alone; others aim to return a 
variety of plants and animals simultaneously 
“We want to see how the forest can best 
develop on its own alter a starting push” says 


project director Helena Carrascosa von Gilehn, 

At each site, the selection of trees and 
methods will depend on local conditions and 
the specific goals for the area, whether that be 
soil stabilization, water mainte 
duction of fruit and nuts fiom rainforest trees. 
“Our emphasis is on bringing people to this 
for 20 to 30 years and involving them in 
restorati 


INCE, OF PO 


* Carrascosa says. 


Search for Mother Trees 

At the heart of the effort is the Mother Tree 
project: a detailed plan for identifying the 
starting stock for the forest's regeneration. 
Conceived by Ricardo Rodrigues at the 


wsciencema: 


‘Mother lode. Rainforest preserved in the Serra do Mar State Park és source of trees 
and seeds needed to reforest riverbanks and streams. Benedito de Carvalho Filho 
(above), a farmer in Cunha, Brazil, points to his diminished natural springs on a 
deforested hillside overtaken by fers. 


Laboratorio de Ecologia e Restauragio Flo- 
restal in Piracicaba, Brazil, the Mother Tr 
project aims to find and mark the loca 
of 15,000 trees of 800 different species to 
Support seed collection programs and 
netic diversity 


ensure adequate the 


now a master list 

780 species appropriate for reforestat 
in designated watersheds. 

To find the seeds, biologists are scouring 
remnants ofthe Atlantic forest across the state 
So far, says Rodrigues, 20 biologists have 
recorded 10.200 mother trees 


One of those biologists is forest engineer 
Renato Lorza, who conducts his search for 
mother trees in the mountainous terrain of 
‘Cunha on foot, aided by a long-handled scis- 
sor. On a morning last December, a fine mist 
laces the air as he scoops up a handful of 
gleaming seeds from the forest floor. Most 
plentiful are the soft, marble-sized seeds of 
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the Jussara palm (Euterpe 
edulis), Severely overharvested 
to extract heart of palm, the 


tree grows up to 25 meters to 


reach the light through the for- 
ests dense canopy, The palm is 
but one of some 1300 tree 
species in the Serra do Mar 
State Park in Cunha that Lorza 
has come to know well dur 


» of collecting 
University researchers ana- 
ally 
sequence the material he col- 


lyzeand sometimes 


leets, Afier the species is definitively identi- 
fied, Lorza returns to nail a small metal Label 
into the trunk of each mother tree. He has 
ed 750 individual trees, representing 
in this r 


ant forest, Each one 
reproductive stage of life, but 


must be in 


some species flower only every 20 years 

One giant, Number 2496, is Sapium 
glandulatum, a bird-dispersed pioneer 
tree. Number 2497 is a climax spe 
Aspidosperma panvifolium. Slow 
tree is rare find. as it has been overharvested 
for use in construction, Both pioneer and cli- 
max species are essential to the reforestation 


owing. the 


effort. Fast-growing pioneer species are the 
first to establish in gaps that form when trees 
fall in the forest. They germinate and 
light. The secondary species that follow 
nate in light but grow in shadow: ston 

nd long-lived climax species 
establish, and grow in the shadows, 


row in 
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A state law 


the most far-reaching of its 
kind in Brazil—mandates that each reforested 
hectare include a minimum of 80 tree species. 
With each represented by at least 12 mother 
trees from distinet populations to ood 
genetic variability. The law also mandates that 
the 80 trees reflect the different successional 


stages of the forest, which means a mix of 
both pioneer and nonpioneer species, ina ratio 
that iselose to 1:1 

This basic approach grows out of the work 
‘of Paulo Kageyama, director of biodiversity 
conservation at the Brazilian Ministry of the 
Environment, who spent decades planting 
experimental forests for the hydroelectric 


industry to restore biodiversity around dams, 
Beginning in 1988, he began growing diverse 


Barbosa says that diversity isa hey ingredi- 
ent of suocess: Forests with 30 tree species gen- 
cerally did better than those with only three or 
four. The premise is that if sufficient and bal- 
anced diversity of tres is planted with species 
“appropriate to the local conditions, the flourish- 
forest will recruit the other flora and 
fauna—essertially, build itand they will come. 


Trees in context 
Yet species diversity in and of itself has not 
always been sufficient, For instance, one 
reforestation effort in westem So Paulo state 
began with 42 tree species, but after 10 years, 
just four pioneer species dominated the upper 
canopy. says Daniel Piotto, a forest engines 

who has worked on industry-financed refor- 


se calls. Forest engineer Renato Lorza (lef) and Ednei Marques of the nonprofit Living in the 
tic Forest vst farmers in Cunha to enlist their support inthe restoration project. 


plantations that included species representa 
tive of each major successional stage 

‘One such plantation, the state's Paraibuna 
forest, has stood as an emblem of success. lis 
100 different tree species have thrived, and 
now that “other kinds of plants are arriving by 
wind oF birds, 
syama says 


he biodiversity is increasing. 


Tttook well over a decade. however. for 
the Paraibuna forest to cross that threshold 
and begin recruiting the other species needed 
to recycle nutrients, disperse seeds, and pol- 
linate plants. It is now a functioning forest 
rather than a plantation that must be main- 
tained, says Kageyama, 

But many other reforested areas in Brazil 
have failed to make that transition, Of some 
98 publicly funded reforested areas evaluated 
in 2000, only two did well. acconding to Luiz 
Mauro Barbosa, director of the Sao Paulo 
Botanical Institute 
RRP. In most ar 
the trees died. and weeds took over. 
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estation projects in Sio Paulo and is now a 
Ph.D. candidate at Yale University. Piotto 
thinks that the difficulty may lie in the limited 
lability of factors such as water, mineral 
icroclimate that put 
ata competitive 
» faster growing pio- 
esand grasses. 


mists believe that 
the rainforest restoration will require more 
than a narrow focus on trees. Ademir Reis, 
now at the University of Santa Catarina, 
and Fernando Bechara, now at the Casa da 
Floresta Assessoria Ambiental in Piracicaba, 
have developed an experimental technique 
knownas “nucleation.” 

It aims to jump-start the establishment of 
-al relationships essential to plant and 
animal life through creating a wide variety of 
niches. In test plots, the biologists have com 
bined a number of techniques: They erected 
perches to attract birds and bats, built shelters 
for small mammals. and planted herbs and 
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shrubs (shunned as competitors to trees in tra- 
ditional reforestation) to attract butterilies, 
They also transposed squares of topsoil from 
intact forest, delivering soil microbes, earth- 
‘worms, and fungi. After just 1 year, Bechara 
hhas noted the return of 35 species of birds to 
‘one experimental area 

‘orest restoration is extremely expen- 
and labor-intensive. Anything that can 


mimic natural succession in depleted areas 
is worthwhile,” says Gustavo Fonseca, 


chief conservation and science officer with 


Conservation International. 


Building support 
Equally important to testing restoration meth- 
ods is ensuring the support of the local com- 
We can do nothing without the 
involvement and support of the people,” 
Lorza says, The RRP aims to build this sup- 
port by convincing people that devoting some 
portion of their land to rainforest restoration 
‘would benefit them in the long run, even ifit 


munity 


ns giving up some hectares used for 
farming or pasture 
In Cunha, the 


ins educating the com- 
‘munity about the role of the rainforest in main 
taining their natural springs, which have 
slowly disappeared over the past 40 years, 
Honario Eliane, a farmer who has lived in 
Cunhaall of his 71 years, is convinced, “About 
‘two-thirds of the natural springs that once irti- 
jed my land are gone. The river I used to 
swim in when L was.a kid now barely covers my 
fet, We need this,” he says. Honario’s daugh- 
ter is one of 19 teenage “environmental mo 
tors” who work with a local nonprofit group 
known as Living in the Atlantic Forest, one of 
ners in the state's reforestation effort 
afier some initial opposition, about 


ne 


irmers in Cunha want to reforest some of 
their land, says Leila Pines, who directs the 
RRP in Cunha, Due to limited resources. 
reforestation has begun on just six farms, 

To spe 
financial susta 


il ensure its 


J the project along, 
ability, Sdo Pat 
the establishment of a fund for 


Jo state is 


explori 


ecosystem services, says Carrascosa. The 


state has already implemented new 
‘mental legislation in two watersheds, 


large-scale farmers, and the 


ernment for water use. Other possibili~ 
ties include GEF payment for carbon 
sequestration achi 
and the establishment of 


private market 
rainforest seedlings, Carrascosa says. She 
suggests that the RRP could prove to be a 


model for both the Amazon and the nation. 
BERNICE WUETHRICH 


Bernice Wuethrich usually writes {rom Maryland, 
‘Marcelo Rideg provided translations in Sao Paulo 
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DEPART 


is for US. 
cultural research have watehed with envy as 
the federal government has pumped money 
into other disciplines, notably medical 
research, Despite daunting 
problems and growing international competi= 
tion for producing cheap food, the research 
budget of the U.S. Department of Agriculture 
(USDA) has been stuck at roughly $2 bil 
But advocates say that a new proposal by the 
Bush Administration to revamp agricultural 
subsidies provides an ideal cue for pitching 
research to a Democratic-controlled Con- 
gress that intends to pass some sort of legis 
lation this year 

Congress periodically adjusts the nation’s 
agricultural policies in a massive farm bill 
and the Administration's latest proposal, sub- 
mitted 31 January, does more than tinker: It 
would cut $10 billion over 10 years from 


For the past decade, advoe 


subsidies paid to farmers. The president's 
plan also proposes a restructuring of USDA 
bby merging two research agencies and creat- 
ing an Office of Science. And it would add 
$100 million for research on specialty 
crops—fruits, vegetables, tree nuts, and 
nursery plants, for example—and $50 mil- 
lion for biofuels, 

Ag lobbyists say the move is a good stan. 
although it falls short of the doubling of basic 
research that a major panel recommended 
9. “USDA should be in a 
much stronger leadership role” ifthe bill is 
approved. says Jeffrey Armstrong, dean of the 


several years a 


c ficulture and Natural Resources 
at Michigan State University in East Lansing, 
“To integi \d create an Office of Sei- 
ence—it's huge.” And although the science 
atively une 


want 
the bid for addit 

afoul of a push by 
subsidies as appropnators try to tighten belts 
search is divided into three 
¢ $1.3 billion intramural Agri- 
cultural Research Service (ARS); the Coop: 
erative State Research, Education, and 
Extension Service (CSREES), which gives 
out $180 million in comp 
through the National Research Initiative and 
SIs mn in so-called formula research 
grants to agricultural universities; and the 
$340 million research effort at the U.S. Forest 
Service. Each program has its own staff, and 


onal spending could run 
rowers to protect their 


there’s considerable duplication in areas such 
as plant genetics, soil science. and air quality 
“An integrated approach would be more 
effective.” says Fred Cholick of Kansas State 
University in Manhattan. 

Change has been in the air for several years, 
In 2004. blue-ribbon panel called foran inde 
pendent research. (Science. 10 Decem- 
ber 2004, p. 1879). But USDA disliked the 
‘dea, and a bill to implement the findings died. 
Last year, the National Association of St 
Universities and Land-Grant Colleges 
(NASULGC) proposed a suite of reforms 
called CREATE-21, that included unifyi 
USDA research effort 
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The Administration's bill, expected out in 
the next few weeks, would merge ARS and 
CSREES and give a chief scientist control 
over both intramural and extramural pro- 
‘We'll be better able to plan and coor- 
te comprehensive programs like food 

says Lowell Randel of USDA'S 
research policy shop, as well as pursue press 
ing topics such as obesity. Forest Service 


safety. 


research would remain separate, Randel says, 


because it focuses on forest issues. (It's also 


overseen by a different congressional com- 
mittee, he notes.) 

The farm bill would nearly double 
research on specialty crops and biofuels 
USDA spent S44 million on biofitels research 
in fiscal year 2006 and somewhere betw 
$120 mill 
crops. The new initiatives, totaling $150 mil 
Jion a year for 10 years, would be financed by 
the government's Commodity Credit Corpo- 
ration, which places them outside the annual 
appropriations ¢ 

Even so, approp 
of the money, as they did repeatedly with the 
‘$200 million Initiative for Future Agriculture 
and Food Systems (IFAFS). a competitive 
grants program set up in 1998 (Seience, 21 Jane 
wary 2000, p. 402), IFARS also garnered litle 
support outside the aeademie community 
overs Which didn't see is value for specific 
ms. Randel says. 


tors could divert some 


crops or agricultural prob! 
that focusing on specialty erops.and biofuels is 
a better way to “show that our science is world 
class and [that it is] solving problems that 
‘matter toll Americans.” 

Research advocates hope Randel is right. 
But they would like the bill to go further, “I 
don’t have any quarrel with the targeted 
areas, but there are other areas tha 
equally critical 
dent for food. agriculture, and natural 
resources at NASULGC, which is asking 
for the USDA research budget to double over 
7 years. The group also wants competitive 
funding, now 10% of the department's total 
research budget. to grow to 5! 
Iwocates admit that farmers’ 
cries for maintaining subsidies could drown 
‘out their call for a bigger research pot, But 
they angue that international pressure to elim 
inate farm subsidies may work in their favor 
In 2005, the World Trade Organization 
(WTO) ruled that USDA cotton subsidies 
were illegal because they undermined fair 
trade. But getting Congress to listen is 
another matter. The chairsof the two commit- 
tees that will write the bill have said that they 
don't feel bound by WTO rules. Their 
tocomplete work on it by September. 

“ERIK STOKSTAD. 


are 
says Lan Maw, vice presi= 


Research 
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PROFILE: NICOLA CLAYTON 


Nicky and the Jays 


Experimental psychologist Nicola Clayton and her colleagues are proving that birds 
are more intelligent than most of us give them credit for 


matter of style. She’s a keen student of bird 
behavior. drawing on natural history to inve 

does indeed remind one ofa bird: She stands tigate experimentally a trait that most scien- 
just 1.62 meters tall even in her stilettos and tists did not believe existed in birds: 
hasa slightly beaked nose, a plume of blond tion. Over the past 9 yea 
hair, flashy clothes, and a hummingbird’s leagues have pumped out 75 papers on the 
quick, darting moves. So apparent isthe sim- surprisingly humanlike mental skills of food- 
ilarity that her students at the University of storing birds, particularly the western scrub 


‘Cambridge, U.K., have dubbed this 44-year jay (Aphelocoma coerulescens).tn this weeks 

‘old experimental psychologist a new bird issue of Nature, Clayton’s lab chips away at 

species. Claytonia professorii. another “human-only” cognitive ability 
But Clayton’s “birdiness” is not just a showing that scrub jays can plan for the future, 


{twtr coon iter 


They've devised a clever experiment for 
these jays which does fulfill the [psychologi- 
cal] criteria for f lanning—which 
makes this a first,” says Sara Shettleworth, a 
comparative psychologist at the University of 
Toronto in Canada, Other papers have argued 
that monkeys, bonobos, and orangutans plan 
ahead (Science, 19 May 2006, pp. 1006, 
1038), but because the animals were given 
numerous trials, they might have been 
“trained” to act as though they foresaw the 
future, Shetleworth points out 

Although it might seem that some animals 
Prepare for the future, for instance by moving 
to.a cave for hibernating, researchers consider 
these behaviors to be merely mechanistic 
responses to a seasonal cue. In contrast, 
Clayton's graduate students Caroline Raby and 
Dean Alexis placed the scrub jays ina novel sit- 
uation, The birds first spent the night in a suite 
with two adjoining rooms. In the moming, the 
researchers moved the jays to one of the end 
rooms. One end room was like a bed and 
‘breakfast, and the jays reveived breaktist pine 
nuts; the other room was more like a cheap 
motel, and the jays went hungry 

After a few days, the jays were allowed 
access to either end room and provided with 
pine nuts in the main compartment. Sponta- 
ncously, the jays stashed the nuts in the bre 
fastless room, hiding them in a sand-filled ice 
cube tray (the jay’s equivalent of a refrigera- 
ton). They seemed to recall going hungry dur- 
ing their past stay in the motel room and, 
‘based on that experience, saved the nuts for 
future breakfastless morning. 

‘Who would have thought you could ask a 
bird what it understands about the future?" 
asks Joan Silk, a primatologist at the Univer- 
sity of California (UC), Los Angeles. “Its 
incredibly difficult o design an experiment 
that would demonstrate this. But they have. 1 
adds to a growing body of work that shows 
that jays, erows, and rooks can do anything 
primatescan do, especially things that we once 
thought were important links to understanding 
the emensence of cognition in humans: 


For the birds 

Clayton's talent for designing such in; 
experiments comes, she says, from under- 
standing what serub jays do in the wild. Dur- 
ing the early 1990s, in John Krebs’s Univer- 
sity of Oxford lab, Clayton worked on mem- 
ory development in food-caching Eurasian 
jarysand tits, species known to have excellent 
Her work there showed that the 
hippocampus region of these birds” brains 
responded like a muscle to their food-hiding 
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behaviors, growing markedly in size as they 
stored seeds in numerous locations. 

When she moved to UC Davis in 1995, 
she found that the western serub jays— 
gray-and-blue birds with a raucous 
‘squawk—were common, making it easy for 
her to observe them in their natural setting 
“One thing I noticed almost immediately 
‘was that the scrub jays would steal bits and 
pieces from people’s lunches and hide 
these,” she says. “Later on, they'd return to 
these caches and move them. But wl 

She decided to use this food-stashing 
behavior as a starting point for her exper 
ments, using what she knew about the ja 
\ild activities to reveal their psychology. For 
these tests, Clayton provides them with sand- 
filled ive-cube trays. Previous studies have 
shown that in the wild, food-stashing birds 
nearby landmarks to remember their 
shes. To give the lab jays sim 
Clayton attaches a colorful st 
h cube of the tray, She offers the 
birds nuts and fresh was: worms and films the 
binds’ behaviors. 

‘She had observed that wild serub jaysstole 
‘one another's caches, if they could, and also 
stored worms and bugs, which decay rela- 
tively quickly, as well as longer-lasting seeds 
and nuts. “They not only had to remember 
where they buried things but whem they di” 
she points out. That observation led to a con- 
‘troversial Nature paper in 1998. 

With her co-author, University of Cam- 
bridge comparative psychologist Anthony 
Dickinson, she asserted that serub jays have 
je-like memory.” the ability to remem 
¢ things they did in the past, a skill 

akin to what humans do. “People seemed to 

think that if'a monkey had done it, that would 

‘be one thing.” Clayton says, “but a hind?” 

Dickinson says he would never have con- 
sidered making such a claim prior to meet- 
ing Clayton. Indeed, Dickinson, a learning 

theorist, confesses that when they met at a 

1996 conte he was initially dismissive 

of Clayton’s research, saying there was 

absolutely no reason an animal needed to 
have personal, episodic memories, “It was 

‘an outrageous statement,” recalls Clayton, 

‘who countered that the birds had to remem 

ber when they buried something. particu- 

larly fresh food, otherwise they'd be wasting 
! time and energy flying back and forth con- 


stantly to make sure the food was still edible. 
“That wouldn't be at all adaptive.” says 
Clayton. Intrigued, Dickinson soon found 
H himself collaborating with Clayton on 
experiments designed to investigate whether 
the birds were making cognitive decisions or 
behaving mechanistically. 
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“Lwouldn’thave thought of using a natural 
behavior —such as the food-caching—toaska 
psychological question, prior to meeting 
Nicky.” says Dickinson, “But that's her 
strength: She's a biologist who's capable of 
thinking about psychological processes.” 
Clayton met her other main collaborator 
(and husband), Nathan Emery, at about the 
same time. He was then studying primates at 
UC Davis and delighted in boasting to Clayton 
about his monkeys’ many talents, “He made so 
many “ape-ist” remarks, about how they could 
do things that no other animal could do, and Tid 
sayy "But thats not true!” and tell him all about 
my jays.” Clayton recalls. To his credit, she 
adds, Emery immediat *W interested in 
the jays, and soon he and Clayton were also col- 


laborating on papers. adding his pimatologist’s 
credentials to their claims that jays and their 
relatives are as smart as apes. They moved to 


England in 2000, bringing the jays with them. 


Pilferers and physicists 

Inher lab at Cambridge, Clayton leads the 
‘way into a room with large wire enclosures 
Tining the walls. Inside, the scrub jays squawk 
and leap from the sides of the cages to their 
perches and back, watching her every move. 
“I find it so curious, the way they look you 
right in the eye.” says Clayton, who hand 
raised most of her charges. “I think it’s 
because they recognize individuals—that's 
‘ot a scientific finding, just a gut fel. But | 
think it’s another factor in their pilfering; they 
know each other as individuals.” 

She, Emery. and postdoc Joanna Dally 
have shown that the jays are well aware of 
cach other's thieving natures and, once they 
themselves have stolen the cache of a fellow 
jay. learn to watch out for thieves. “They 
might know something about what the other 
bird is thinking: they seem to take his point 
of view.” says Clayton. “They keep track of 
who was watching when” (Science. 16 June 


ability. called “theory of mind.” is some 
thing that requires language and there~ 
fore can only be done by humans. 
But Clayton disagrees. “I think 
[thievery] is one reason they've 
become so cognitive: When 
they stash their nuts, they have 
a lot to worry about—they 
have to think about it from 
their own perspective. as 
well as the thief's” 
Other compara- 
tive psychologists 
arenot persuaded, 
however. “It's a 
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stiant controversy.” says Shettleworth, explain- 
ing that a jay stashing a nut may simply be 
mentally recording the presence of another 
bird near its cache: the jay returns to hide its 
food elsewhere when the other bird is gone. 
“The hoarder doesn’t need to know what the 
‘other guy is thinking to act this way.” 

If jays are thieves, then it seems that rooks 
(Corvus frugilegus)—raven-sized birds with 
dark plumage—are physicists. Or, at the very 
least, the birds’ ability to manipulate things 
stuggests they have some basic understan 
of the properties of objects and gravit 
though rooks don’t use tools: 


even 

and therefore 

don’t need this knowledge—in the wild. 
Clayton, Emery, and graduate student 


Amanda Seed reported in the Apri 
issue of Current Biology that 100ks €: 
mastered the simple phys 
retrieve a piece of meat from inside a tube, 
using a wig to push or pull as necessary until 
the food fell to the ground, “You ean see them 
assessing the tube andthe stick and the bit of 
fyod” to arrive ata solution, says Clayton. 
This behavior again suggests that these birds 
sare quite cognitive creatures. 

Clayton, Emery, and University of Cam- 
bridge postdoc Lucie Salwiezek plan to 
expand their lab’s investigation of bird intel- 
ligence this year by testing young jays newly 
arrived from California for their understand- 
ing of object permanence: that is, their abil- 
ity to know that something is still there even 
if they can’t se it. The adult birds must have 
this ability, because after burying a nut, they 
return to retrieve it. But Clayton and her col- 
leagues want to know at what age they 
develop this sense. 

Despite her intense curiosity about these 
birds” brains, Clayton says she will stay away 
from neuroanatomical studies, as she is loath 
to sacrifice any jays, “I'm too attached” she 
says. That may limit her progress, as 

that's the logical next step, says 
neurobiologist Erich Jarvis of 
Duke University in Durham, 
North Carolina, who compares 
bird and mammalian brains. Yet 
even without taking this step. 
Claytonis changing the way neuro- 
T biologists think. he notes.“ Theresa 
general belief thatthe further away a 
group is from humans, the less intelli- 
gent itwill be. So people are surprised — 
even scientists are surprised—that some 
birds can do many of these things.” For 
Claytonia professorii, that’s 
something to crow about. 
VIRGINIA MORELL 


Virginia Morel isa writer in Ashland, 
Oregon. 
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Developing Drugs for Tuberculosis 


IN THEIR POLICY FORUM "A PORTFOLIO MODEL OF DRUG DEVELOPMENT FOR TUBERCULOSIS" (3 
Mar. 2006, p. 1246), S.W. Gilickn 
‘one new tuberculosis (TB) drug takes 12 years anal up to $400 million, and that there isa less 
than 3% chance of a new TB drug by 2010. 

Their first Monte Carlo simulation is based on only 11 of the 27 compounds in the global 
bal TB drug portfolio” in the first diagram). The 


n et al. conclude that achieving 95% confidence of at least 


portfolio (confusingly, still labeled the 


policy relevance of such subportfolio simulation is une 


The finding of a less than a the low side, too, Gatifloxacin and 
nce (8)—are pr 

viously licensed anti-infectives for other purposes, now being re-indicated for anti-TB activity 
Gatifloxacin is already in Phase II and moxifloxacin is about to enter Phase III with the TB 
Alliance, U.S. Centers for Disease Control, and Bayer. Both come from the same subclass of 


fluoroquinolones, and evidence suggests that 


o chance may be a b 


moxifloxacin—the two drugs listed as Phase IVIL in Glickman et al.’ refer 


their anti-TB efficacy is likely to be similar, 


Given extensive prior clinical experience and proven safety records, the likelihood of success 
of these two compounds is better and more predictable, and development time and costs lower, 
than for any of the other compounds should any of them reach Phase II 


The second simulation, still 


chance, “doubled the number of phase Land If compounds. 


in the [first] portfolio.” Yet diagram 2 and the back- 
double the number of com- 


ground paper refe 
pounds in preclinical and clinical ests." Which of 
these did the authors do? What is the poliey rele- 
vane? Buildin; 
inevitably e 


Up to “optimal” portfolio size 


a cost bulge with little immedi- 


ate outcome, 
The third simulation, and the $400 million 
figure, is based on 30 phase I compounds only. 
How this relates to the current 27-compound 
obal portfolio is not fully explained, 
any funding shortfall depends on it. 
Andis the 1 
adjust 


per year cost of 

or real (ie for inflation)? It seems to be 

treated as nominal, although the figure it is derived from 

() is real. 

The point is to build a portfolio that will generate rolling 

supply of new TB drugsand not only the chance of the first one. According ti 

abilities used by Glickman ef al, the 30-compound portfolio generates on aver 25 dr 

Ifthe $400 million isright, this means $136.75 million each. which compares favorably with eur- 

ntoTB drug development. Policy-makers, and funders. needto hold their nerve (2), 
‘ANDREW FARLOW 


othe transition prob- 


rent funding 


Said Business School, University of Oxord, Pak End Steet, Oxford, OX1 IHF, U.K. 
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PERSPECTIVES 


Response 
WE APPRECIATE THE LETTER BY FARLOW ON OUR 
Policy Forum, and we reiterate that the TB 
Alliance's: 
urable contributions toward the success of 


port and facilitation are imme 


bringing new antituberculosis drugs to market 
On 


mal of our analy'sis was to focusattention, 


ed for new antituberculosis 


the 


ap between what is being spent and what 
rnceds wo be spent to bring new drugs to market. 
Whether it will take 10 years or 20 years to 
develop the next effective antituberculosis 


drug is not certain, What is cern is that the 


need for such drugs is grow aler 


is, and 
resources would help to shorten the develop- 
ment time. Since our Policy Forum was pub- 


lished, an outbreak of extensively drug 


resist- 


ant tuberculosis has been reported (/), further 
highlighting ney of the problem, 
Therefore, we join in calls for increased sup- 


the un 


port of antituberculosis drug development 
The first simulation model described in our 


Policy Forum is based on all 11 compounds in 
the global antituberculosis drug portfolio that 
were in preclinical or clinical testing atthe time 


of our analysis. We derived this informati 


The remainin; 
portfolio were in discovery phase, The time 
required to bring any of these 16 compounds to 
rket was well beyond the timeline of our 
analysis (through 2019), and their inclusion in 


the portfolio model would have simply inflated 
development costs without providin 
estimates around the eventual timing or likeli- 
hood of their development. Our model did 


include gatifloxacin and moxifloxacin, com- 


pounds that were in phase II testing for use in 


antituberculosis regimens at the time of our 


analysis, Phase II testing of gatiflosacin was in 
es (3), To our knowledge, there 
was no publicly available information about 
phase III testing of moxifloxacin at that time. 
We are pleased to learn that the dru 
center phase III clinical trials, 

We conducted two additional exercises 


may soon 


to illustrate the magnitude of the challeny 
that policy- 
dru 
repeated the first simulation but doubled the 
‘number of compounds in preclinical and clini 


akers face in antituberculosis 


development efforts, In one exercise, we 


mag.org 


cal testing, In another exercise, we examined 


how inerei 


ing the number of phase I com- 
pounds affects drug development timeline and 
costs, Despite lange increases in the number of 
compounds in these hypothetical portfolios, 
‘our findings indicate that substantial chal- 
new antituberculasis 


drugs to nner that is timely and 
not cost-prohibitive. Resources would ideally 
be directed toward compounds in late stages of 
development, However, given the limited num- 
ber of such compounds in the current portfolio, 
resouroes should be devoted to increasing the 
‘number of compounds in early clinical testing. 

As described in our Supporting Online 
Material, we used a 4% annual cast of eapital 
not 11%, Ourchoice of 


reflects our belief 
that this is 


appropriate (risk-free) discoun 
rate for projects that are intended to 
her than the hi 
rate typically assumed by the pharmaceutical 
industry for profit-maximizing purposes. 

We believe that the model 
reflects the drug development proves from the 
hip, but 
ble and 


cenerate 


social benefits her discoun 


perspective of public-private partne 
could be 


nproved with more reli 


timely input, We would weleome an opport 


ty to contribute to dialogue and pl 


aantitubereulosis drug development by expand- 
ing the model to includeall public and nonpub- 
lic information about potential therapies for 
tuberculosis, Sucha model wouldallow the TB 
Alliance and the funding community to better 
understand the status of public-private partner 

ships in antituberculosis efforts and to assess 


the full range of unmet needs. 
SETH W. GLICKMAN, EMMA B, RASIEL® CAROL 
DUKES HAMILTON,? KEVIN A. SCHULMAN2* 


Duke University School af Medicine, Dutham, NC 2770, 
USA. ‘Health Sector Management Program, The Fuqua 


Letters to the Editor 


‘School of Business, Duke University, Durham, NC 27708, 
USA. ?Departmert of Economics, Duke Univesity, utham, 
NC 27708, USA 


‘Addeess for comespondence: Center for Circa and Genetic 
Economics, Duke Clinical Research lnstiute, PO Bar 17969, 
‘Dutham, NC 27715, USA. Ema kevin schlman@duke edu 
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A Way to Deal with 
Image Enhancement 


THE PROBLEMS RAISED IN THE NEWS FOCUS 
article “Don't pretty up that picture just yet’ 
(J. Couzin, 22 Dee. 2006, p. 1866) on in 


editing in scientific publications can be 
ameliorated in the near term. For every pub- 
lished ima; 


hors should be required to 
to their 
supporting online data. First this will allow 
the authors to the 
cific points witho 


add the original, unaltered im: 


ity and emphasis of sp 
being disingenuous. If they wish, 
dos in the field and othe 


will be able to view the 


ed readers 
raw data” and judge 
scientific validity. Second, by imposing 
the requirement for all 
the amount or type of editin 


rdless of 


ambiguity 


ards “literary license” is removed. 


Duplicity is not addressed. but unintentional 
missteps would be minimized. 

LAWRENCE BODENSTEIN 
Columbia University, New York, NY 10032, USA. E-mait 
z126@columbia.edu 


Recognizing William 
Bateson’s Contributions 
IN THEIR REPORT “A COMPLEX OSCILLATING 


network of sign 
mouse segmentation clock” (8 Dec. 2006, 
p. 1595), M.-L. Dequéant ef al. expand on 
Pourquié’s (/) work demonstrating that the 
es}are rhythmi- 


nes underlies the 


precursors of vertebrae (s 
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cally produced from the presomitic mesoderm 
(PSM), specifically, how “during the forma- 
tion of each somite [the gene coding for the 


transcription factor}, Lying is expressed in the 

PSM asa wave that sweeps across the tissue in 

a posterio-to-anterior direction” (p. 1595). 
Historically, however, the idea of a rhyth- 


mical element in the developmet 


of repeated 
or meristic parts, such as somites and vert 

bra, belongs to William Bateson. By 1888, 
Bateson had become consumed by studyin 


ion in plants and animals as dif 
of expression of repeated parts. In September 
1891, Bateson wrote to his sister that his 
vibratory theory of 


noes 


epetition of parts” 
“Undulatory Hypothesis") 
explained “all the patterns 
patterns in animals and plants” In Maverials. 


{also called the 


id recurrence of 


Bateson suggested that as waves of differing 
intensities create different numbers 


nel spac 
ings of sandy furrows, so, too, will develop- 
mental waves of differing intensities deter 
mine the expression and number of elements 
in series of repeated structures (2), 


Although scientists usually concentrate on 
recent literature, the Work of past scholars may 
siill sometimes enlighten, In addition to trans- 
lating into English Mendel’s sole 
expanding Mendelism to include animals, 
Bateson struggled with issues stich as the or 


ticle and 


in of species and of the features that distin- 
tish them, 


re His thoughts on alterations of 
development as the basis of evolutionary or 
specific novelty may have its roots. in 
Victorian saltationism, but his appreciation of 
the achievement of difference through alter 
ation of the develop 


underlyin; 


atal_ mechanisms 


repeated parts foreshadowed by 
almost a century the current ine 
developmenta 


biology and the theoretical 


field of “evo-levo" (3), 
JEFFREY H. SCHWARTZ 


Departmerts of Anthropology and History and Philosophy of 
Science, University of Pitsburg, Pittsburgh, PA S260, USA 
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CORRECTIONS AND CLARIFICATIONS 


Reports: “Electric feld-induced modification of magnet 
ism in thin-film ferromagnets” by M. Weisheit ef al 
(29 Jan., p. 349). The fist affiliation was incorrect, It 
should be institut Néel, CNRS/Univesité Joseph-Foures, 
25 Avenue des Marty, Boite Postale 166, F-38042 
Grenoble Cedex 9, France. 


Perspectives: “Negative retractive index at optical wave 
lengths" by CM. Soukoulis eto. 5 Jan. p. 47). In the fig: 
tute, the scale fr the green pane should have been 200 nm, 
and the scale forthe blue panel should have been 500 nm. 
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NEUROSCIENCE 


Dangers of Brain-o-vision 


Daniel M. Wegner 


magine a gadget, call it “brain-o- 
create pictures of brains at all. That's 
right, no orbs spattered with colorful “acti- 
vations” that need to be interpreted by neu- 
with brain 


wanatomists, Inste: 


of what that brain is experiencing 
person who owns the brain is envisioning 
lunch, up pops a cheeseburger on the 
sereen. If the person is reading a book, the 
sereen shows the words. For that matter if 
the brain owner is feeling pain, perhaps 
brain-o-vision could reach out and swat the 
viewer with a rolled-up newspaper. Brain-0- 


vision could give us access to 
son's consciousness (/), 
Technolog 
beginning to seem possible. We are learning 
how brain activations map onto e 
memories, and mental processes, and it 
won't be lon 


other per- 


es for brain-o- 


jon are 


before we might trans- 


ns into Google searches 
\ges of what the brain is think- 
ing, There is a specific brain area 
linked with face perception (2), for 
instance, and even a neuron that 
fires whe! ifer Aniston 
(3), So why, in principle, shouldn't 
we be able to sean a brain and dis- 
and 
eventually even learn what she’s 
wearing? Of course, it may be many 
years to the beta version, But im 


cover when it is looking at her 


ine that everything works out and 
brain-o-visi 1 Wale 
Mart, Could the device solve the 
problem of whether consciousness 
causes behavior? 

With direct evidence of a person's 


goes on si 


consciousness. we could do scien 
on the question. We could observe 
larities in the relation between 
consciousness (say, a thought of sip- 
ping coffee) and behavior (the actual 
drink). If the consciousness always pre- 
ceded the behavior (and never occurred 
without being followed by the behavior). we 
could arrive at the inductive inference of 
causation and, as scientists, be quite happy 
that we had established a 


The reviewer i at the Department of Psychology, Harvard 
University, 33 Kirkland Street, Cambridge, MA 02338, 
USA. Ema wegner@wih harvard.edy 
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fa about which sev- 
eral of the contributors to Does Conscious 
(Mare Jeannerod, 
Richard Passingham and Hakwan Lau, Supama 
Choudhury and Sarah-Jayne 
Blakemore) masterful 


ness Cause Behavior? 


Does Cons 
reports (using measures of 
consciousness other than 

brain-o-vision). So what's the jan Pocket 
problem? Why is the issue so nis ond Shove 
vexing that this book and [iijemalalg 


many others have taken up the 
question? Certainly, one snag 
Is that we don’t yet have 
brain-o-vision, But that's not 
the full story. There is a key sidetrack on the 
way to establishing this causal inference 
that has left philosophers and scientists ina 
muddle for years. 


is that we each have our 


brain-o-vision shimmering 


and blaring in our heads all day long. We 
‘our own consciousness, and we find its 
images mesmerizing. The picture that our 
minds produce shows what looks exactly 
like a causal relationship: 1 thought of 
drinking the coffee and then I did it. This 
apparent relationship anchors our intuition 
about the conscious causation of behavior 
so deeply that it is difficult to understand 
that this causal inference is something that 


jousness 


ought to be a scientific matter, not an intu- 
an't turn off the inner televi- 
ure out what really hap- 
h of the volume’s contributors. 


itive one, We ca 
sion and try to fi 
pened, E 
struggles to find some rapprochement 
betw: 


en the personal experience of con- 
us causation and the possibility that 
it not cause behavior 


sci 
consciousness mi 


1 


wing the experience an illusion, 
An occasional undercurrent in the vol- 
ume is the idea that exeep- 
tions to the standard inne 
experience of conscious cau- 
sation should be discarded as 
uninformative. For example, 
Liber’s classic finding (4) that 
brain activation precedes the 
reported conscious exp 
ence of willing action is often 
cited as evidence that eon- 


William P. 


usness is not the initial 
and that it inste: 


sci 
cause of behavi 


occurs 
in a chain of events initiated by brain events, 
Several contributors examine this finding in 
creative ways—but, curiously, others belittle 
the finding as a laboratory-bound oddity 
The dismissal of exceptional cases extends 
to some chapters that question the value of 
examin 


12 any unusual Lapses of conscious 
cauisation—such as those in hypnosis, facil- 
itated communication, schizophrenia, or 
psychogenic movement disorders or in 


jomatisms such as dowsing and table- 
turning. These anomalous cases sometimes 
reveal that the experience of conscious cau 

sation can diver actual causal cir- 
cumstances surrounding behavior, We need 
to understand such eases to establish when it 
is that consciousness thinks it is causing 
behavior. Exploring a phenomenon by 
studying its bou standard operat- 
ing procedure of science, and it 


s curious 
thar some students of mind would wish such 
informative exceptions swept under the rug 

Research into conscious causation is 
complicated by the fact that the scientists 
and philosophers studying the problem are 
people, Our own personal brain-o-vision 
leads us to idealize apparent conscious eau 
sation and disparage exceptions, We may'not 
be able to turn off our own consciousness 


\d consider the question dispassionately. 
but it probably would help. 
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Perceptions of 
a Receptor 


David Colquhoun 


feel for a subject than knowing how 

it developed. Nicotinic Acetvicholine Re- 
ceptors concentrates on the French contribue 
tion to knowledge about these neurotransmit- 
ter receptors, and it’s a good (if, at times, 
idiosyncratic) read. 

The nicotinic acetylcholine receptors are 
often referred to as the most investigated and 
best understood type of ligand-gated ion chan- 
nel, That is probably true of the type that 
‘occurs in electric eels and rays, and the very 
similar receptor that mediates neuromuscular 
transmission in vertebrates, but the sorts of 
nicotinic receptor that occur in the central 
nervous system are much less well understood 


I= history, Nothing gives one a better 


Tean remember well the April 1972 meet- 


ing at which, with a flourish, Jean-Pierre 
Changeux produced from his pocket a tube 
With a thin blue band and proclaimed, “We 
have the receptor." Beginning in the early 20th 
century, most people had sup- 
posed that & receptor must be 
something like an enzyme, and 
here at last was the proof. After 
that, progress was. 
cloning (largely in Japan) det 
mined the primary sequence of 
the receptor subunits, and the 
invention of the patch clamp 
method led tomuch better fune- 
tional studies of the receptor. 
Collaborative work (at first, 
largely between German and Japanese re- 
searchers) revealed the nature of the adult and 
‘embryonic forms of the receptor and the loca- 
tion of the ion channel within it, 

This book covers everything about the 
nicotinic receptors from purification, func= 
tion, and structure through to speculations 
about the role of the neuronal type of nico- 
tinic receptors that are found in the brain. 
Many parts are good, but Changeux (Institut 
Pasteur) and Stuart Edelstein (University of 
Geneva), like all of us, are perhaps victims of 
their own backgrounds. They deal much more 
authoritatively with the biochemical and 
structural aspects of the receptors than the 
functional aspects. 


The reviewer is at the Department of Pharmacology, 
University College London, Gower Street, london WCIE 
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Throughout the book, the authors contrast 
two types of models for receptor activation 
by agonists: allosteric models (“good”) and 
sequential models (as used by clectrophiysiolo- 
tists, “bad”). In my view, this distinction is, 
totally spurious. The authors never really define 
“sequential.” but usually it seems to mean that 
the unliganded open state is omitted from a 
postulated mechanism. When that is done, itis 
done for practical reasons. The authors are 
speaking theoretically, but when working with 
‘experimental results, one can’t fit parameters 
about which the data contain no information, It 
is obvious that unliganded open channels must 
exist: in principle, from Boltzmann's law; in 
from mutant receptors that open inthe 
wonist at a rate fast enough t0 
Foose. Any oppercat ifonacs appraich 
isadifference between those who have data and 
those who haven't 

‘Such misapprehensions give rise to some 
surprising assertions. For example, “these 
{single channel] studies do not give the exact 
relationship between binding events and chan- 
nel opening events, The [Monod-Wyman- 
Changeux} formalism, on the other hand, 
makes specific experimental predictions for 
these relationships.” In fact, all postulated 
mechanisms make such predictions. 

Or. “In conclusion, experi- 
mental data—particularly the 
concerning pleiotropic 
pathological mutations in the 
nicotinic receptor ...—that are 
readily accounted for by the 
allosteric schema cannot be 
satisfactorily represented by 
the sequential schema.” (Here 
“pleiotropic” means that when 
you mess with the structure of 
‘a protein it can have compli- 
cated and unpredictable effects.) This is sim- 
ply untrue, The authors present two pages 
devoted to simulations (based on numbers 
from the literature) that purport to show that 
the effect ofa mutation is mediated by chang- 
ing the equilibrium constant Ly for the 
conformation change (shut to open) of the 
unliganded receptor. The simulations bear 
‘qualitative resemblance to observations made 
by Ohno er al. (J), but they do not fit them. 
Nevertheless. the authors conclude that their 
postulated mechanism is correct. Although, 
the idea that mutations change Z, is attractive, 
the evidence is not strong. Perhaps the best 
evidence comes from some very thorough 
work by Auerbach’s lab (2), but that work is 
not cited. Even more surprising. in discussing 
transduction of the signal from the binding 
site to the channel gate. the authors ignore 
the whole body of work by Auerbach and 


BOOKS cri. ke 


Grosman (3) on phi-analysis 2s well asrelated 
work on the Mlip mechanism (4). 

A lack of precision also appears in the dis- 
cussion of “allosteric diseases.” Since around 
1986, it has been appreciated that the physio- 
logical event triggered by the agonist is a short 
burst of channel openings, the duration of 
which controls the decay rate of the synaptic 
current, Mutations can slow this decay either by 
making the individual openings longer or by 
producing more (re-}openings without chang 
ing the length of each. The later occurs when 
the mutation shows the dissociation of agonist 
Several mutations of this sort have been 
described, the classical one being @G153S. 
ine etal, noted that “its prolonged activation 
episodes arise primarily from a decreased rate 
of dissociation of {acetylcholine}, allowing 
repetitive opening during {acetylcholine} occu- 
ppancy” (5), Yet the book incorrectly states that 
the effect is to produce “longer openings.” this 
ignoring the last 25 years of developments in 
the understanding of synaptic currents, 

The word allosteric seems to appear on 
almost every page. although in most cases it 
‘could be omitted without changing the me 
ing. I have never found the word very useful, 
if only because itis used in so many different 
senses (6). To the list we can now add 
“allosteric diseases.” 

The authors give an informative account of 
their behavioral studies with knockout mi 
but, for me, itis rather spoiled by a hyperbolic 
style: “In conclusion, from the cognitive per- 
spective, these findings clearly illustrate the 
involvement of nicotinic receptors in regul 
ing the transition between states of conscious- 
ness." And if you don’t quite follow that, you 
are referred to a network diagram that strikes 
me as little more than fantasy. The fet is that 
cholinesterase inhibitors do little or no good 
for Alzheimer's disease (7), never mind regu- 
lating consciousness, 

The account Changeux and Edelstein pro- 
vide in Nicotinic Acerytcholine Receptors is 
very good in parts. Nonetheless. as an overall 
view ofthe current state of our understanding, 
it isnot only incomplete but sometimes posi- 
tively misleading. 
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ASSESSMENT 


Standardized Tests Predict 
Graduate Students’ Success 


Nathan R. Kuncel! and Sarah A. Hezlett™ 


courately predicting which students 
re best suited for posthaccalaureate 
graduate school programs benefits 


the programs, the students, and society at 
lange, because it allows education to be con- 
centrated on those most likely to profit. 

Standardized tests are used to forecast which 
students will be the most successful and 
obtain the greatest benefit from graduate edu 
cation in disciplines ranging from medicine to 
the humanities and from physics to law 

However, controversy remains about whether 
such tests effectively predict performance in 
graduate school, Studies of standardized test 
scores and subsequent success in graduate 
school over the past 80 years have often suf 
fered from limited sample size and present 
mixed conclusions of variable reliability. 

Several meta-analyses have been con- 
ducted to extract more reliable conclusions 
about standardized tests from a variety of dis- 
ciplines, To date, these review studies have 
been conducted on several tests commonly 
used in the United States: the Graduate 
Record Examination (GRE-T) (/), Graduate 
Record Examination Subject tests (GRE-S) 
(1) the Laww School Admissions Test (LSAT) 
(2-4), the Pharmacy College Admissions Test 
(PCAT) (5), the Miller Analogies Test (MAT) 
(6), the Graduate Management Admissions 
Test (GMAT) (7), and the Medical College 
Admissions Test (MCAT) (8. 9). 

‘We collected and synthesized these stud- 
ies. Four consistent findings emerged: (i) 
Standardized tests are effective predictors 
of performance in graduate school. (ii) 
Both tests and undergraduate grades predict 
important academic outcomes beyond grades 
earned in graduate school. (iii) Standardized 
admissions tests predict most measures of 
student success better than prior college 
academic records do (J-S, 7, 8). (iv) The 
combination of tests and grades yields 
the most accurate predictions of success 
(4.7.8). 
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Structure of Admissions Tests 

Most standardized tests assess some combina- 
tion of verbal, quantitative, writing. and ana- 
lytical reasoning skills or discipline-specific 
knowledge. This is no accident, as work in all 
fields requires some combination of the 
above. The tests aim to measure the most rele- 
vant skillsand knowledge for mastering a pa 
ticular discipline. Although the general verbal 
and quantitative scales are effective predictors 
‘of student success, the strongest predictors are 
tests with content specifically linked to the 
discipline (/. 5). 


Estimating Predictive Validity 
The predictive validity of tests is typically 
evaluated with statistics that estimate the 
linear relationship between predictors and 
a measure of academic performance 
Meta-analyses synthesizing primary studies 
of test validity aggregate Pearson correla 
tions. In many primary studies, the correla- 
tions are weakened by statistical artifacts, 
thus contributing to misinterpretation of 
conclusions. The first attenuating factor is 
the restriction of range that occurs when a 


Standardized admissions tests are valid predictors of 
many aspects of student success across academic 
‘and applied fields. 


sample is selected on the basis ofa predictor 
Variable that has a nonzero correlation with 
an outcome measure ( /(), The second atten- 
uating factor is unreliability in the su 
measure resulting from inconsistency in 
human judgment (//). Where possible, ree- 
ognized corrections were used (/2) to 


account for these artifacts 

Research has been conducted on the 
ation between test scores and various 
measures of student success; first-year 
grade point average (GPA), graduate GPA, 
degree attainment, qualifying or compre: 
hensive examination scores, research pro- 
ductivity, research citation counts, licensing 
examination performance, and faculty eval- 
ations of students, These results are based 
‘on analyses of 3 to 1231 studies across 244 
to 259,640 students. The programs repre 
semied include humanities, social sciences, 
biological seiences, physical seiences, math- 
ematics, and professional graduate pro- 
grams in management, law, pharmacy, and 
medicine. For all tests across all relevant 
success measures, standardized test scores 
are positively related to subsequent me 


Career outcome 


i 01 oz 


06 


3 on 
Corretation 


os 07 


Testsas predictors. Standardized test scores cortelate with student successin graduate school. See table $1 


{or detailed data 
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ures of student success [see chart, table SI, 
and supporting online material (SOM) text]. 


Utility of Standardized Tests 

The actual applied utility of predictors 
is not easily inferred from the correlations 
shown in the chart. The number of correct and 
incorrect admissions decisions for a specific 
situation can be estimated from the correla- 
tion (/3) (SOM text). In many cases. fre 
‘quency of correct decisions can be increased 
from 5% to more than 30% (SOM text). In 
addition, correlations were converted into 
‘odds ratios using standard formulae (/4) to 
facilitate interpretation (table S1),When an 
institution can be particular about whom it 
admits, even modest correlations can yield 
meaningful improvements in the performance 
of admitted students. 

‘The worry that students” scores might con- 
taminate future evaluations that in turn, influ 
ence outcomes appears to be unfounded. The 
predictive validity of tests when evaluators do 
‘or do not know the individual's score is una 
fected (15, 16) and, some outcomes, such as 
publication record, are not directly influenced 
by test scores, 


Bias in Testing 

‘One concern is that admissions tests might 
inst certain groups, including 
racial, ethnic, and gender groups. To test 
for bias, regression analyses of an outcome 
measure are compared for different groups 
(12, 17). [regression lines do not differ, 
then there is evidence that any given score 
‘on the testis associated with the sam level 
of performance in school regardless of 
xroup membership. Overall and across 
tests, research has found that regression 
lines frequently do not differ by race or 
ethnic group. When they do. tests system- 
atically favor minority groups (/8-23), 
Tests do tend t underpredict the perform- 
ance of women in college settings (24-26) 
(SOM text) but not in graduate school 
(18-20, 23). 

Items from most professionally devel- 
oped tests were screened for content bias 
and for differential item functioning (DIF). 
DIF examines whether performance on an 
item differs across racial or gender groups 
when overall ability is controlled. Most 
items do not display DIF but some content 
patterns have emerged over time (see SOM 
text), To avoid negative effects, DIF items 
ean be rewritten, eliminated before finaliz 
ing the test, or left unscored. Research has 
found that the DIF effects remaining in tests 
have effectively zero impact on decision- 
making (27). 
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Coaching Effects in Testing 

If test preparation yields large gains, then 
concerns about the gain’s effects on differ- 
ential access to higher education and the 
predictive validity of tests are understand- 
able. Scores on any test can be increased to 
some degree because standardized tests 
are, like all ability tests, assessments 
of developed skills and knowledge. The 
major concern is that coaching may pr 
duce 's that are unrelated to actual skill 
development. 

In controlled studies, gains on standard- 
ized tests used for college or graduate 
admissions are consistently modest. The 
typical magnitude for coached preparation 
is about 25% of one standard dev 

(28-33), Longer and longer periods of study 
and practice are needed to attain further 
‘equal increments of improvement. Those 
item types that have been demonstrated to 
be most susceptible to coaching have been 
eliminated from tests (34), Test preparation 
or retaking does not appear to adversely 
affect the predictive validity of standardized 
tests (35-37). 


ture Directions 
standardized admission tests provide useful 
information for predicting subsequent student 
performance across many disciplines. How- 
ever, student motivation and interest, which 
are critical for sustained effort though grade 
ate education, must be inferred from various 
uunstandantized measures including letters of 
recommendation, personal statements, and 
interviews. Additional research is needed to 
develop measures that provide more reliable 
information about these key characteristics. 

These efforts will be facilitated with more 
information about the actual nature of student 
performance. Researchers have examined a 
number of important outcomes but have not 
captured other aspects of'student performance 
including networking, professionalism, lead- 
ership, and administrative performance. A 
ly specified taxonomy of student perform- 
ance dimensions would be invaluable for 
developing and testing additional predictors 
‘of student performance. 

Results from a large body of literature 
indicate that standardized tests are useful 
predictors of subsequent performance in 
graduate school, predict more accuratel 
than college GPA, do not demonstrate bias, 
and are not damaged by test coaching 
Despite differences across disciplines in 
grading standards, content, and pedagogy. 
standardized admissions tests have positive 
and usefl relationships with subsequent stu- 
dent accomplishments. 
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MICROBIOLOGY 


Mayhem in the Lung 


Barbara C. Kahl, Georg Peters 


Staphylococcus aureus can cause a wide 

range of conditions, from mild skin infec- 
tions to life-threatent 
nia, and sepsis (/), Until recently, severe ink 
tions caused by strains that are resistant to 
multiple drugs including f-lactam antibie 
‘tics (penicillin and cephalosporin)—the so- 
called methicillin-resistant S. aureus (MRSA) 
strains—were found exclusively in health-care 
institutions and hospitals, and strong hygiene 
procedures were used to prevent transmission 
and destroy the bacteria, But in 1999, fatal 
infections caused by MRSA were unexpe 
ely reported in the community (2) Since then, 
the spread of community-acquited MRSA to 
healthy innlividuals has been worldwide (3-5), 
resulting in severe fatal infections including 
fasciitis necroticans (“flesh-eating bacteria”) 
(6), Waterhouse-Friedrichsen syndrome (7), 
and highly lethal necrotizing pneumonia (%). 
‘On page 1130 of this issue, LabandeineRey er 
al. (9) report that MRSA strains that cause 
necrotizing pneumonia rely on the dual action 
‘of a single bacterial toxin that results in the 
destruction of respiratory tissue and bacte- 
ria-engulfing immune cells and exacerbated 
nflammation, This new understanding may 
help guide the design of effective therapeutic 
regimens for S. aureus infections and other 
infectious respinutory illnesses. 

Both community-aequired MRSA and 
methicillin-susceptible strains can secrete 
Panton-Valentine leukocidin (PVL). a protein 
whose active form ereates a pore in the cell 
membrane of leukocytes such as neutrophils. 
Most patients dying from necrotizing pneuno- 
nia have low numbers of leukocytes in their 
bloodstream, supporting leukotoxicity by PVL 
in vivo (8). It seems that the combined pres- 
‘ence of the PVL-encoding gene and mec. the 
gene that encodes resistance to methicillin, has 
created superadapted MRSA strains that are 
spreading in the community (/0). Yet the pre- 
cise role of PVL during pathogenesis has been 
aan open question, as mouse models of S. 
‘aureus infections (sepsis and abscess develop- 
ment) do not implicate the protein as a major 
Virulence factor (1). 

To investigate the function of PVL in the 


i by the pathogenic bacterium 


indocarditis, pneumo- 
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Busy toxin. The S. aureus protein PVL triggers a com! 


Insights on how a lethal strain of bacteria causes 
necrotic pneumonia may guide development of 
drugs and vaccines that combat dangerous 
respiratory pathogens. 


Neutrophils 
recruited 


ay 
chemokine 


Proinlammatory 
‘and cytokine production 


sroveuncsnt 
bination of events in an infected tung including the 


destruction of respiratory tissue and host defense cells (neutrophils) and increased inflammation, This ult- 


imately leads to fatal necrotic pneumonia. 
pathogenesis of necrotizing pneumonia, 
Labandeira-Rey et al. established a new mouse 
model of acute pneumonia. The authors used 
clinical PVL-positive S aureus strains as well 
as strains that were engineered to express PVL 
‘of not. The gene encoding PVL ean be trans- 
mitted among bacte ius (phage). The 
authors generated isogenic strains of S. aureus 
harboring either PVL-carrying phage or phage 
Jacking the PVL locus. and PVL-negative bac- 
teria carrying extrachromosomal DNA (plas- 
mid) with the PVL gene. After 2 days, mice 
infected with PVL-positive bacteria showed 
changes in lung tissue comparable to those 
observed in human necrotizing pneumonia 
‘an abundance of infiltrating neutrophils, 
inflammation of the lung parenchyma, tis- 
ind hemorrhage. In contrast, the 
lungs of mice infected with PVL-negative 
strains were mostly normal. Presence of the 
toxin in the lungs of animals infected with 
PVL-positive strains was also detected with 
PVL-specific antibodies. Furthermore, ad- 
ministration of the toxin resulted in dose 
dependent tissue damage. In other words, the 
toxin alone was enough to destroy lungs. 
Increased binding of clinical PVL-positive 
strains to injured human airway epithelium in 
vitro has been described previously (/2) 
Bacteria bind to epithelial cellsand extracellu- 
Jar matrix proteins through proteins that are 
‘covalently anchored to the cell wall and act as 


adhesins. In S. aureus, the expression of 
adhesins and seereted proteins (such as tox- 
ins) is tightly regulated during the bacterial 
szronsth phase. Adhesin expression is activated 
during the early log phase, whereas toxin 
expression is activated during late log phase, 
when the expression of adhesins is sup- 
pressed. This differential expression of viru- 
lence factors depends on environmental sig- 
nals and is thought to achieve optimal spatial 
and temporal adaptation of the pathogen, 

One of the most important adhesins of 8 
aureus is staphylo protein A (or SpA), 
which has long been known to block the 
engulfing action of phagocytic immune cells. 
Labandeira-Rey et al. demonstrate that PVL 
‘causes changes in gene expression that may 
affect strain virulence. The authors found that 
ina PVL-positive strain, adhesins such as pro- 
tein A are highly expressed in all growth 
phases, and not inhibitedasmight be expected 
in late log and stationary phases. In contrast, 


secreted proteins such as proteases are not 
expressed. Therefore, PVL seems to act at the 
transition from logarithmic to stationary 
growth phases by an as yet unidentified mech- 
anism. Such negative regulation of bacterial 
toxin expression has been shown to occur in 
S. aureus sirains harboring the gene for toxic 
shock syndrome toxin (13). The surprisi; 
new finding is that PVL also acts as.a positive 
regulator of adhesion expression. 
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The Labandeira-Rey ef al, finding is espe- 
cially important in light of the new proinflam- 
matory role recently defined for protein A in 
pneumonia (see the figure). Protein A activates 
a receptor on the surface of respiratory epithe 
cells that normally binds to the proinflam- 
matory cytokine tumor necrosis factor-ct. This 
triggers the recruitment of neutrophils to the 
. thus mimicking the effect of the cytokine 
(4), Using PVL-positive strains that cannot 
express protein A, Labandeira-Rey er al. show 
decreased severe infections in mice, and no, 
animal deaths 


Aclearer picture thusemenges ofthe lethal 
events that lead to hemorrhagic, necrotizing 
pneumonia. Concerted action of the bacterial 
adhesin protein A as well as the dual actions 
‘of PVL to boost protein A expression and lyse 
host cells reveal a new type of synergism 
among pathogenic factors. Thisis good reason 
to seek new diagnostics and therapeutics to 
fight the havoc that S. aureus can wreak. 
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Better Geometry Through Chemistry 


Randall D. Kamien 


n his lectures on physic: 
Te ined the properties of su 
the point of view of bugs living on them 
(/), Consider a bug that lives on a surface 
having anges from 
place to place. Assume also that the bug and 
any ruler it uses to measure distance are 
made of the same material and expand and 
contract together as the temperature varies. 
The spatially varying temperature thus 
-omes a spatially varying distance seale. 
jnman then shows how, by appropriately 
ying the temperature, we can convince the 
bug that it lives on a sphere, or a piece of a 
saddle, and so forth, In a similar vein, we can 
deduce that the world is round by measure- 
ments on the surface and do not need to view 
it from outer space 
This abstraction in which local measure 
ments tell us about the global geometrie 
properties of an object is known as intrinsic 
‘or Riemannian geometry (2). Although it 
forms the basis for Einstein's theory of gen- 
relativity, in which curved space-time 
ises gravitational attraction, Riemannian 
geometry is not only unnecessary but also 
incomplete when it comes to ph 
dimensional surfacesin three dimensions. 
reported on page 1116 of this issue, Klein 
etal, (3) have made clever use of the connec- 
tion between the intrinsic geometry of a sur- 
ind how it sits in space. Instead of atem- 
perature that changes from place to place on 
a sheet, they have locally altered the chem- 


istry to make it locally expand and contract, 
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ing the bug's ruler at each point. In so 
doing, they are able to force the sheets to 
twist, bend, and distort controllably and 
reversibly. Instead of molding materials into 
mplex three-dimensional surfaces, Klein 

. have created self-folding materials 


e 
through a beautiful connection between two- 
and three-imensional geometry. 


Why do potato chips curve into three 
‘dimensional shapes, as shown in the top panel 
of the figure? Imagine drawing on the un- 
cooked chip a regular grid that can be used to 
measure distances—the so-called “flat met- 
ric.” As the slice is fried. different regions 
shrink by different amounts, warping. the 

original grid, we now 


EC try to draw a new re- 


gularly spaced grid 
on the deformed 


Isolated Gaussian 
curvature 


Controlling a fold. (Top) The random 
shape and temperature during cooking 
lead to random three-dimensional 
shapes of potato chips. (Midd) By cut- 
ting a wedge from 3 disc. we can fold it 
into a cone along the dashed line. 
(Bottom) A cutaway view of a possible 
geometry made of stacks of warped sur- 
faces. [Adapted from (6) 


ms 


Chemically patterned flat surfaces can be made 
to crumple and fold in a controlled way, 


surface there will be, in general, no registry 
with the original grid, This is familiar: The 
lines of latitude and longitude on Earth ean- 
not be laid ontoa square grid without stretch- 
ing the northernmost and southernmost land 
masses, Indeed, the whole point of Feynman's 
parable of the bugs is that merely by measur- 
ing distances on the surface of Earth, we can 
deduce its shape. 
this shrinkage be controlled to fold a 
flat dise into a sphere or an even more 
complex object? Klein et al. have done just 
that. By changing the spatial concentration 
‘of N-isopropylacrylamide, a molecule that 
undergoes a dramatic, reversible reduction in 
volume at 33°C, they have programmed the 
final metric of the surface. Above the transi= 
tion temperature, the flat gel dises fold into 
controllable three-dimensional shapes, 
How does this happen’? To accommodate 
the change inthe grid, the thin sheet can either 
sireich or bend. Because thin sheets bend 
more easily than they stretch, they ean 
more easily crumple into the third 
dimension than stretch (4), andthe 
stresses are relieved through 
buckling. For instance, as 
shown inthe middle panel of 
the figure, consider a dise 
with a wedge cut out of 
it, We can connect the 
two dashed lines to 
form a contiguous sur- 
face by stretching the 
disc until they meet. 
Alternatively, we can 
make a cone without 
stretching the original 
surface if we allow the 
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surface to buckle out into the third dimension. 
On the unstretched disc, the shortest distance 
between A and B is a straight line, the blue 
path, On the cone, however, the red path is 
connected and shorter than the blue path. The 
‘cone is flat except at the vertex. where there is 
intrinsic. or Gaussian, curvature. That is pre- 
cisely what happens in these gel dises. 
Although a bug on the stretched surface and 
con the cone will observe the same two-dimen- 
sional, intrinsic geometry, our extrinsic view 
from outside the surface will be different, 

In general relativity, there is no need for 
our four-dimensional, curved space-time to 
tbe embedded in a higher-timensional space, 


OCEANS 


but when it comes to materials, we see that 
this buckling into more dimensions enables 
Klein eral. to create, control, and manipulate 
surfaces. containers, and 


should make it possible for layered systems to 


self-assemble with intrinsic curvatu 
shown in the bottom panel of the figure 
These base units would come together t0 
form triply periodic structures and. if mixed 
and matched properly with diblock copoly- 
mer architectures, can stabilize new and yet 
unseen morphologies. It may even be possi- 
ble to assemble structures that are known 
for their useful photonic properties (5). This 


Climate Drives Sea Change 


Charles H, Greene and Andrew, 


rshing 


cosystems can shift rapidly from one 

environmental variability, human 
activities (such as overfishing or human- 
induced climate change), or both. Recently 
Frank ef al, reported such an ecosystem 
regime shift in the northwest Atlantic during 
the early 1990s (/), To understand the likely 
causes for this shift, we here consider 
cchanges in the climate system that occurred 
at the same time, 

Changes in climate beginning in the late 
1980s resulted in an enhanced outflow of kaw= 
salinity waters from the Arctic (2) and a gen= 
eral freshening of shelf waters from the 
Labrador Sea to the Mid-Atlantic Bight (3-5), 
This freshening altered circulation andl stra 
fication patterns on the shelf and has been 
linked to changes in the abundances and 
sonal eyeles of phytoplankton, zooplankton, 
and fish populations (6, 7). 

In recent decades, the Arctic has experi- 
enced a period of historically unprecedented 
changes (2, 8). In 1987, atmospheric pressure 
at the sea surface began to decline in the cen- 
tral Atetic. Two years later, this sea level pres- 
sure dropped precipitously. and a strongly 
cyclonic atmospheric regime emerged. This 
eyclonie regime increases the delivery of 
warmer, higher-salinity Atlantic water into 
the Arctic Ocean, mainly via the Barents S 
(see the first figure). 


(CH. Greene iin the Department of Earth and Atmospheric 
Sciences, Cornell University, Mhaca, NY 14853, USA 
Ema dhg2@comelLedu A}, Pershing is at the University 
‘of Maine and the Gulf of Naine Research Institute, 350 
Commesciat Sree, Porand, ME 08103, USA 
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beautiful control of geome 


‘only scratches 


the surface of how to create complex topolo- 


sand structures. 
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Changes in Arctic climate have contributed to 
shifts in abundances and seasonal cycles of a 
variety of species in the northwest Atlantic. 


The ocean responds. Between the late 1980s and early 1990s, upper-ocean circulation in the Arctic Ocean 
changed substantially after an atmospheric regime shift. These changes included an increased inflow of 
telatively warm high-satinty Atlantic water into the Arctic Ocean through the Barents Sea and Fram Strait, a 
shit ofthe front separating Atlantic and Pacific water masses, a weakening and deflection of the Transpolar 
Drift, a reduction in size and intensity of the Beaufort Gyre, a thickening and intensification of the Arctic 
(Ocean Boundary Current, and an increased discharge of relatively Low-salinity water into the North Atlantic 
through both the Canadian Archipelago and Fram Strait 
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Associated with these changes in the 
‘atmosphereand Atlantic water inflow, cireula- 
tion in the upper layers of the Arctic Ocean 
changed substantially between the late 1980s 
and early 1990s (see the firs figure), From an 
Allantic perspective, the most important con- 
sequence of these changes was a redirection 
‘of the shallow outflow from the Arctic Ocean, 
Instead of entering the North Adantic mainly 
via Fram Strait as before, much of this low- 
salinity outflow began to exit the Canadian 
Basin and enter the Labrador Sea via the 
Canadian Archipelago. 

The eryosphere has also responded t0 
changes in climate. During the past three 
decades, continental melting of permatrost, 
snow, sind ice has inereased substantially, 
Which, combined with increased precipita- 
tion, has led to greater river discharge into the 
Arctic Ocean (4), Arctic sea ice has declined 
in both extent and thickness, with extensive 
summertime ice-free conditions observed to 
the north of Canada and Russia since 1978, 
Lindsay and Zhang (Y) recently hypothesized 
thatthe atmospheric regime shift in 1989 and 
its effects on Arctic Ocean circulation patterns 
pushed the eryosphere into a new, internally 
perpetuating state of accelerated sea ice melt- 
ing. An ice-albedo feedback mechanism may 
have maintained this accelerated melting even 
after the atmosphere shifted out ofits strongly 
cyclonic mode during the mid-1990s (0). 

‘Although anthropogenic climate forcing is 
considered to be responsible for the accelerated 
ice melting the relative importance of human- 
induced versus natural climate forcing in driv- 
ing the observed changes in atmospheric and 
oceanic circulation has not been fully resolved 
(8). Whether forced by human-induced climate 
change, natural climate variability, oF some 
combination of the two, relatively low-salinity 
waters began to emerge from the Canadian 
lago during 1989 and started to affect 
tems downstream from the 
Labrador Sea to the Mid-Atlantic Bight, 

The first pulse of low-salinity water passed 
Georges Bank and reached the Mid-Atlantic 
Bight by 1991, Several years later, a second 
pulse advected even lower salinity waters 
downstream, This second pulse, although 
moving downstream from the Labrador Sea as 
Well, probably originated from Fram Strait 
rather than the Canadian Archipelago (2,11). 

‘Northwest Atlantic shelf ecosystems shified 
rapidly as they became notably fresher during 
the 1990s relative to the 1980s (see the second 
figure, top). This freshening enhanced stratifi- 
cation, resulting in greater phytoplankton pro- 
duction and abundance during the autumn 
(second figure, middle), a period when pri 
mary production would otherwise be ex- 


Salinity (psud 
s 
& 


‘Annual abundance anomaly Phytoplankton color inden 


as 


Ws 
Year 

‘The ecosystem responds. Salinity, phytoplankton, 
‘and zooplankton data trom the Gulf of Maine and 
Georges Bank ilustrate ecosystem changes associated 
‘with regime shit. Dashed lines: mean values during 
1980 to 1989 and 1990 to 1999; shaded areas: 95% 
‘confidence intervals. (Top) Decadal mean salinities, 
based on annual mean (blue) and annual minimum 
(ed) salinities reported in (5), decrease after the 
regime shift. Widdle) Decadal mean autumn phyto- 
plankton abundances, based on annual mean phyto- 
plankton color index values reported in (12), increase 
after the regime shit, (Bottom) Decadal mean cope- 
od abundances, based on annual mean small cope- 
od abundance anomaly values reported in (7), 
increase alter the regime shit. 


2000 


pected to decline as thermal stratification 
‘breaks down andalyae are mixed deeper in the 
water column and become increasingly light- 
limited (6). The inerease in phytoplankton 
‘abundance coincided witha reorganization of 
the zooplankton assemblage: The abundance 
of smaller. shelf-associated copepods in- 
‘creased markedly (second figure. bottom) 
(1. 7).The largest of these increases occurred 
in late autumn/early winter, a change associ- 
ated with the enhanced autumn phytoplank- 
‘ton abundance. 

Early juvenile stages of the larger copepod 
species Calanus finmarchicus also increased 
in abundance with these smaller species: 
however, older stages became less abundant 
(J. 7). Increased size-selective predation by 
herring populations, which became much 
more abundant in the 1990s, may explain 
these observations. 
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Commercially harvested fish and crus- 
tacean populations have also undergone large 
changes in the northwest Atlantic since 1990 
(J. 7, 12-14). OF particular importance is the 
collapse of cod stocks in the early 1990 
Overfishing is considered the main cause of 
this collapse, but the cold, Arctic-derived 
\waters in the northern part of their range have 
probably hampered their recovery despi 
a decade-long fishing moratorium in the 
Canadian Maritime Provinces (/3), Other 
fish and crustaceans have become more abun- 
dant during this period (/, 7, 13); for certain 
species, such as snow crab and shrimp, @ 
release from cod predation appears to be the 
most likely explanation (/, /4), 

In their original paper on this ecosystem 
regime shifi, Frank ef a. reported alternating 
changes in groundfish, benthic crustacean, 
zooplankton, and phytoplankton abundances 
(J), They attributed these observations to a 
“wophic cascade” initiated by the overfishing 
of cod, Certain prey species have indeed 
increased in abundance with a release from 
top-down control by cod, but it remains open 
‘to whatt extent the trophic cascade proposed 
by Frank er af, affects lower links in the food 
chain, especially phytoplankton and z00- 
plankton, We suggest that, with or without the 
collapse of cod, a bottom-up, climate-driven 
regime shift would have taken place in the 
northwest Atlantic during the 1990s, 

The resilience of northwest Atlantic shelf 
ecosystems is being tested by climate forcing 
from the bottom up and predator overexploita 
tion from the top down, Predicting the fate of 
these ecosystems will be one of eceanogra- 
phy’s grand challenges for the 21st century, 
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ASTRONOMY 


Nebulae Around Evolved Stars 


Noam Soker 


espite many observations of impres- 
sive nebular structures around evolved 
stars, there is no acceptable theory 


that explains their formation, Such 


ructures 


include multiple-ring systems, hourglass- 
shaped nebulae, and butterfly-type morpholo- 
and they are found around quietly dyin 


Sun-like stars as well as around massive sta 


that explode as supernovae (see the figure) 


The formation mechanism of these structures 


is connected to the most puzzlin; 
regarding stellar evolution: What is tf 


questions 


rotation as matter collapses to forma star, and 


how does stellar rotation evolve from the birth 


tothe death of stars 

As reported on page 1103 of this issue 
Morris and Podsiadlowski (/) propose a 
model for the formation of the triple-ring sys- 
tem of supernova (SN) 1987A, a supernova 
whose explosion was detected 20 year 
The 
genitor star, and the authors nicely pinpoint 


Js based on fast rotation of the pro- 
the erucial role of stellar rotation. In particu 
lar, they attribute the fast rotation of the pro- 
itor of SN 1987A to 
that was swallowed by the pro} 
20,000 years before the explosion, 


Knowledge of stellar processes does not 
come easily. For about a hundred years, from 
the middle of the 1thcentury tothe middle of 
the 20th century, the major question in the 
field of stellar structure and evolution was the 


energy source of stars. Fierce arguments raged 


between scientists wh 


pravita 
tional energy powered the stars and those who 
thought another p it work, At the 


beginning of the 20th century it became clear 


that nuclear reactions are the source of enery’ 


in the Sun and other stars. | 


wok another 50 


years and the efforts of great scientists such as 


Arthur Eddington and Hans Bethe to identify 


jor 
In the past 40 years, the major open ques- 


uclear reactions in stars. 
tions in the field of stellar evolution have been 
related to th 
jular momentum) in stars and in 
Are 
required to transport an 


le and evolution of rotation (or 


magnetic fields 
Jar momentum in 


disks around stars, 


aseous disks around stars? How can two 
‘oppositely directed and well-collimated jets 
such disks? 


be emitted by How are jets 


responsible for the gamma-ray burst phenom- 


ena formed from collapsing rotating massive 


The author is inthe Department of Physics, Technion, Haifa 
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stars? What is the mecha 
gascous nebulae around evolved stars 
M 


fast question, The gaseous nebulae around 


ism that shapes 


orris and Podsia 


lowsski address this 


evolved stars are made of gas that once was 
part of the envelope of the central star. This 


\s wats expelled via a strong wind from the 


- 


How intricate nebula structures form has been a 
mystery, but a model based on a 20-year-old 
supernova explosion now suggests answers, 


stellar surface when the star was a red giant 
nd of its nuclear activity. AL 


star close to the 


this stage, the star was several hundred times 


the present size of the Sun and its surface tem- 
perature was a few thousand kelvin, With a 


hhuge luminosity and low surface gravity, these 


sas eject mass at rile, 

Sun-like stars completely deplete their 
envelopes because of this wind, le 
hind the compact core, which evolves to 
become a compact hot star termed a white 
dwarf, The core then ionizes and heats the 
nebula to 10,000 K, 
glow and form a planetary nebula, Stars more 


massive than about 10 times the mass of the 


allowin, 


Sun explode as supernovae and light up the 
surrounding nebula with a bright flash of 
lis 
massive as the Sun; on 23 February 1987 it 


was observed to explode and light up its sur- 


rounding triple-rin 
For 


debated whether single stars can form such 


system. 


about 40 years, researchers have 


‘or whethe 


a binary companion is required for 


this nonspherical mass loss geometry from 
evolved stars. This debate intensified about 
15 years ago with the analysis of highly 


s from the Hubble Space 


Telescope and several other large telescopes, 


as well as data from the triple-ring system 
ad SN 1987A (2). 


lear that a single evolved star ean- 


tis now 


observed arou 
becomin 


not rotate fast enou 


nebulae, and a binary companion is required, 


In some cases, even a massive planet is sulfi- 
cient to lead to a nonspherical wind 
There ai 


compa 


processes by which a 


nion can lea 


A gallery of nebulae. (Top) Supernova 19874 with 
its triple-ring system was first observed on 23 
February 1987. The rings were formed thousands of 
years before the explosion. One large ring is in front 
of the star and the other one is behind the star; a 
small ring is located around the star. All the rings 
are circular but appear elliptical because of the 
angle of observation. (Upper middle) The massive 
binary star n Carinae has a bipolar nebula called 
ulus. The star is 120 times as massive as the 
Sun and is expected to become a supernova in the 
relatively near future. (Lower middle) The Red 
Rectangle isa star evolving to become a planetary 
nebula and has a stellar companion, (Bottom) The 
Hourglass planetary nebula (MyCn 18) was ejected 
by the central star, now a dying Sun-lke starseen as 
a white dot in the center 


Homune 


ht. SN 1987A was at star about 20 times as. § 


spherical structures (as seen in the figure) § 


0 form nonspherical & 


tothe different structures: § 


observed. They can be classified into two 
groups. In one, the companion is swallowed 
bythe primary star and it spirals inward inside 
the primary envelope toward the primary core 
In some cases the companion survives: in 
other cases itis destroyed in the envelope. In 
the second type of process, the companion 
‘outside the envelope and influences the 
primary stellar wind from outside. Morris and 
Podsiadlowski consider the first scenario and 
build 2 model where the progenitor of SN 
1987A swallowed a companion about 20,000 
years before the explosion. The companion 
‘caused the progenitor’s envelope to spin at 
such a high speed that the envelope became 


extremely flat, resulting in a wind geometry 
that led to the formation of the two lange outer 
rings (upper pane! in the figure). 

Although their model has several advan- 
ages, such as providing a good explanation 
for the required amount of rotation (angular 
momentum), and it sheds some light on the 
formation of the outer rings of SN 1987A. it 
innot be considered as a general model for 
‘other similar objects, and itis not the last word 
‘on the formation of the rings of SN 1987. 
The reason is that in some other systems we 
see similar nebulae, but the companion is out- 
side the primary envelope and has not been 
swallowed by it. Examples are nj Carinae and 
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the Red Rectangle (see the figure. 

Astrophysicists must continue their quest 
for the different mechanisms that shape nebu- 
lhe formed by evolved stars. Projecting from 
the hundred years that were required to under- 
stand the production of energy in stars, we 
may expect that this research will take tens of 
years more before we fully understand how 
nebulae form around dying stars, 
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CHEMISTRY 


Charge Flipping and Beyond 


tures has become routine for crystals of 

moderate complexity (with several hun- 
dred atoms in the unit cell), Automated proce- 
dures now exist for the entire structure-sol\~ 
ing process, But challenges remain, both in 
extending computational methods to macro- 
molecules (/.2) and solving erystal structures 
from powder diffraction data of limited reso- 
lution (3), Powder diffraction is used for erys- 
tal structure determination in cases where 
sufficiently large crystals cannot be obtained. 
For example, zeolite catalysts are often 
synthesized as microcrystalline powders, 
precluding single-crystal techniques for struc 
tural elucidation, However, powder diffrac: 
tion data suffer from severe signal overt 
making interpretation difficult. 
‘On page 1113 of this issue, Baerlocher 
il. (4) present a new and possibly revolu- 
tionary approach to solving crystal structures, 
Their approach is based on the “charge flip- 
ping” method. which uses information both in 
reciprocal space (the diffraction data) and in 
physical space (the crystal structure) in a 
recursive manner to determine the unknown 
crystal structure, By combining this method 
with results from electron microscopy. the 
authors can solve complex structure 
powder diffraction data 

The idea of charge flipping was first intro- 
duced by Oszkinyi and Sit (5, 6). For this 


if recent decades, solving erystal struc- 


The author is in the Department of Geology, Min- 
eralogy, and Geophysics, Rubi-Universitat Bochum, 
£44801 Bochum, Germany, E-mail: hermann.gies@rube- 
‘un-bochum.de 


extremely simple structure solution method, 
1no information on the erystal’s chemical com- 
position or its symmetry is required. All one 
needs isa crystal of sufficient quality for dif- 
fraction experiments. 

Information about the composition and 
spatial arrangement of atoms in the unit cell 
of the erystal can be derived from experi- 
mentally measured diffraction intensities. In 
charge flipping, these structure factors are 
ombined with a random set of phases. From 


By combining different kinds of structural data 
and an innovative analysis method, crystal 
structures of materials previously thought too 
‘complex or disordered can now be solved. 


this information in reciprocal space, an elee- 
tron density grid is calculated in physical 
space, Next, the calculated electron density 
grid is analyzed and the sign for all values 
below a chosen threshold value is changed 
(flipped). From this modified electron den- 
sity grid, new structure factor leulated, 
The iteration cycle is completed by ealeulat- 
ing the electron density again. 

‘Once the investigator has picked the 
threshold values, the subsequent iteration 


Structures from charge flipping. This isosurtace plot shows the electron density distribution of a molecu- 
lar crystal, as revealed from the charge-flipping process. The density maxima represent atomic positions. 


[Reproduced with permission from (8)] 
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process proceeds without human interference 
until convergence. Depending on the starting 
set of random phases, the whole process 
‘might take several thousand iterations. For 
the examples studied so far, convergence was 
reached after a minute or so, The result is the 
true electron density map of the unknown 
crystal structure. 

Baerlocher eral. previously applied charge 
flipping to powder diffraction data of moder- 
ate complexity (7). They now combine this 
approach with information from high-resolu- 
tion electron microscopy. Phases can be deter- 
mined from the electron microscope images 
and can be used to guide the otherwise ran- 
dom charge-Mipping process. 

To test the new approach. the authors use 
the most complicated known zeolite material, 
IM-S, whose erystal structure has resisted 
determination for almost 10 years (4). IM-3 
hhas a large unit cell of 864 atoms and is pseu- 
dosymmetric (that is, parts ofthe crystal struc- 
ture are similar but not the same). making it 


extremely challenging to solve its structure. 
The success in solving this crystal structure 
proves the power of the combined approach. 
Structure solution by charge flipping does 
not yield a set of spatial coordinates for the 
‘atomic positions of the constituents, but rather 
the electron density distribution in physical 
space (see the figure), Where high-resolution 
diftiaction data are available, interpretation of 
the data is straightforward. The electron density 
data easily provide stomic positions aseelectron 
density maxima, Interpretation is less straight- 
forward for materials with restricted crys- 
tallinity, such as disordered materials. Here, 
‘broadened diffraction peaks lead to low -inten- 
ty maxima and peak overlap for reflections at 
high diffraction angles. The resulting lower-res- 
olution data woukl only yield electron densities 
from structure fragments. However, chemists 
should easily be able to identify these frag- 
‘ments based on complementary information, 
The inventors of the charge-flipping tech- 
nique cautiously proposed that the technique 


might succeed where other methods fail. 
Baerlocher et al.’ visionary work goes well 
beyond these original expectations, By soly- 
inga highly complicated crystal structure, the 
authors demonstrate the power of the tec 
‘nique and show how complementary informa 
tion can assist the structure-solving process. 
They open upnew horizons for solvingcrystal 
structures of any complexity and size. of any 
type of material—be it inorganic, organi 
biological. 
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PLANT SCIENCE 


Nibbling at the Plant Cell Nucleus 


Jotfery L Dang! 


‘that recognizes and responds to differ- 
ent sorts of molecules produced by 
microbes (/). Ata quick glance, the system 
seems segregated into two distinet branches, 
each using di 


P=: deploy an innate immune system 


rent “molecular antennae.” oF 


a largely overlapping set of plant cellular 
responses, including a major reprogramming 
of gene expression that can halt microbial 
growth, On page 1098 of tis issue, Shen eral. 
(2) show that specific recognition of a fun- 
zal pathogen requires the function of the rele- 
receptor, surprisingly, in the plant 
cell nucleus. A similar publication in PLoS 
Biology from Burch-Smith et al. suggests the 
same (3). Together, the studies reveal a means 
by which the plant innate immune system can 
balance the requirement for a swift and effec- 
tive defense response with the possible dan- 
gers of autoimmunity. These results if gener- 
alized to the function of other plant immune 
receptors, could point to a basic operating 


‘The author is in the Department of Biology, the 
‘Curriculum in Genetics, and the Carolina Center for 
Genome Sciences, University of North Cartina, Chapel 
Hil, NC27599, USA. E-mail: dangl@email unc. 


‘mechanism for the pathogen-specific branch 
of the plant immune system, 

Immune receptors at the cel surface recog 
nize common microbial-associated molecular 
pattems (MAMPS) 4), suchas bits of bacterial 
flagellin or cell wall. These receptors are akin 
to the well-studied Toll-like receptors of ani- 
‘mal innate immune systems, The output from 
this extracellular branch ofthe immune system 
isa defense response sufficient to stop growth 
of nonpathogenic microbes. Yet pathogens can, 
by definition, overcome this defense by secret- 
ing effector molecules, which act as virulence 
facwors to dampen or inhibit it 

The second branch of the plant immune 
system, composed of intracellular receptors, 
responds to these virulence factors. The 
intracellular receptors are characterized by 
nucleotide-binding and leucine-rich repeat 
domains [so-called NB-LRR (“Nibbler”) pro- 
teins]. NB-LRR proteins are structurally anal- 
‘ogous to the animal NOD/NLR'CATERPIL- 
LAR superfamily of intracellular proteins. 
They also act as microbial sensors, some of 
which play critical roles in human diseases 
stich as Crohn's disease and cold-induced 
autoinflammatory syndrome (5). Plant NB- 
LRR proteins are activated upon delivery of a 
virulence factor into the cell's interior by viral, 


When plants recognize certain pathogens, 
an activated immune receptor moves to the 
‘nucleus where it affects transcription to initiate 
a successful response, 


bacterial, fungal, oomycete, oF inseet patho= 
gens (/), Receptor activation involves intra 
molecular rearrangements that are likely to 
“open” the NB domain, allowing cleavage and 
eyeing of its bound nucleotide. This presum- 
ably allows the amino-terminal domain of the 
receptor to interact with downstream signaling 
‘molecules that trigger the defense response (6). 

Although defense responses from the two 
immune system branches are qualitatively sim- 
ilar, activation of NB-LRRs leads to a faster 
and stronger response that can include rapid 
cell death at and surrounding the infection site, 
Chronic or auto-activation of this output 
response is dangerous—cell death, stunting of 
plant growth, and loss of seed yield ean result 
(7.8), Hence, the plant immune system must 
discern the difference between a harmless 
‘or helpful microbe and a pathogenic one, and 
translate that recognition into an appropriately 
graded output, which can include host cell 
death. The output is controlled in the nucleus by 
plant-specific transcriptional regulators, many 
of which are membersofthe WRKY family (9), 

NB-LRR proteins inhabit a variety of sub- 
cellular locations, from the inner face of the 
cell membrane to the cytosol (/). Biochemical 
fractionation of barley NB-LRR proteins 
(MLA proteins) indicates localization to solu- 
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ble and intracellular membrane fractions. 
These experiments used transgenic barley 
plants expressing native levels of MLA (10) 
However, transient overexpression of a fune- 
tional fusion protein consisting of MLA andl a 
fluorescent protein (MLA-YFP) revealed 
cytoplasmic and nuclear localization in barley 
cells (2), Shen et al, demonstrate that if MLA- 
YFP is fused to an amino acid sequence that 
excludes MLA-YFP from the nucleus, then 
function is lost. Moreover, the authors show 
that a very small on of native MLA is 
constitutively present in the nucleus. Hence, 
MLA proteins function in the nucleus despite 


SS ‘Gene expression 


o 


well, indicating that the defense response is 
‘generic and that NB-LRR proteins somehow 
hyperactivate it 

The two WRKY proteins in question are 
constitutively located in the nucleus. When 
transiently overexpressed as fluorescent fusion 
proteins, WRKY and MLA proteins interact 
with each other in the nucleus, but ony when a 
functional fungal effector protein is also pres- 
cent in the plant cell. Recall that these specific 
effectors are likely to be pathogen virulence 
factors whose activity inside the plant cell is 
sensed by specific NB-LRR proteins, in this 
case MLA. Shen et al. demonstrate that only 


Sameera 
@2 


ranscitonal epresior 


Abalanced defense. Plant immnue system receptors are poised both at the cell surface and within the cell 
to sense microbial molecules. A weak, basal response to a pathogen (left) does not harm the plant itsell. A 
stronger and more rapid response (right) may drive the attacked host cells to their death. The latter response 
fequires one receptor pathway to interact with, and modulate, the other, as shown, to potentiate expression 


of detense genes. 


their lack ofa discernible nuclear localization 
signal This result should serve as a caution to 
all biologists that the location of a functional 
protein may not be its site of action. 

Shen ef al. further demonstrate that the 
amino terminus of MLA inter 
closely related WRKY transcriptional reg 
tors. These WRKY proteins belong to a small 
‘clade within this large protein family in both 

barley and the model plant Anahidopsis 
thaliana. Members of this clade are negative 
regulators of defense gene transcription, shut- 
ting down the expression of genes normally 
triggered by MAMPs and the extracellular 
branch of the plant innate immune system. 
Shen ef af. demonstrate that this is true for 
both barley and Arabidopsis defense re- 
sponses against otherwise virulent pathogens. 
The ability of these particular WRKY pro- 
teins to repress plant defense extends to block- 
ing MLA-dependent disease resistance 
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the expression of specific alleles of a MLA 
ene and pathogen effector gene will lead to 
interaction of MLA and WRKY in the nucleus. 
It isnot yet known whether the pathogen eff 
tor protein interacts with cytosolic or nucle: 
MLA. However, Burch-Smith et al. (3) demon- 
strate that another NB-LRR protein also acts in 
the nucleus, and that effector molecule recogni- 
tion clearly occurs in the cytoplasm. Hene 
either the activation of these NB-LRR recep- 
tors drives relocalization of a subffaction into 
the nucleus, or an activation signal is trans- 
duced into the nucleus where it aets on the 
receptor pool already present there. 

Shen ef al. conclude that the WRKY pro- 
teins of this small clade repress defense 
responses, and that activation of MLA proteins 
by pathogens blocks this repressor activity, 
allowing for rapid and efficient disease resist- 
ance responses (see the figure). The switch 
from repression to activation of the defense 


PERSPECTIVES [ 


response may be simple in that both WRKY 
proteins —bound to target defense genes but 
also in contact with activated MLA—might 
become transcriptional activators, Alterna- 
.. the WRKY-MLA interaction might 
preclude repressor function, allowing 
assembly of transcriptional activators to kick- 
start the transcriptional reprogramming 
required fora successful defense response 

There is precedence for the former model 
from studies of the mammalian CHITA protein, 
the original member of the NOD/NLR 
CATERPILLAR super (5). Expression 
of defense genes (in this case, of the major 
histocompatibility complex) requites binding 
of activated CHITA to a complex of transerip- 
tion factors (called the enhianeeosome), Recall 
that a minute fraction of MLA is present in 
uninfected plant cell nuclei, Itwill be important 
to define chromatin-bound versus unbound 
MLA levels, and to understand whether 
MLA is constantly cyeling into and out of the 
nucleus, waiting to be activated. 

Other tantalizing results suggest that NB= 
LRR association with transcriptional regula- 
tors may be a common mechnism to activate 
the plant immune system. The plasma me 
brane-localized NB-LRR protein RPMI 
interacts with a transcriptional regulator (poly 
merase II accessory protein) that also acts asa 
repressor of the plant defense response (/ 1), 
There is also an intriguing “Rosetta Stone” 
fusion of an NB-LRR and a WRKY called 
RRSI (/2). This type of fusion unites proteins, 
‘or protein domains that are typically encoded 
by separate yenes but that function together, in 
much the way that MLA and WRKY come 
together in the nucleus, following activation, It 
may be the case that the expansion of plant- 
specific transcriptional regulator gene families 
is evolutionarily driven, at least in part, by the 
rnced for their continued functional coupling to 
NB-LRR proteins, whose evolution is, in turn, 
pathogen-driven 
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SCIENCE DIPLOMACY 


Arab, U.S. Women Scientists Build 
Network at Landmark Kuwait Forum 


KUWAIT CITY —It was. in some respects. a 
typical se rence, with panels on 
carver development, workshops on publishing 
and grant-wrting, and a busy schedule of social 
events each night. But this one was different: It 
brought scientists and engineers from through- 
‘out the Middle East, 
Norther Africa, and the 
United States to an Arab 
capital for tatks that 
stressed partnerships 
and cooperation —and 
Virtually all of the partic~ 
pants were wom 

Atthe opening of the 
International Confer 
cence on Women Leaders 
in Science, Technology, 
and Engineering, co- 
sponsored by AAAS, 
many of them said 6, Saudi Arabia 


they'd never attendled anything like it, Ac 


me 
plished Arab women often “are not only 


tunseen, but are hidden from each other,” said 
Ikblas Abdalla, an expert in human resources 
development for the Arab Fund for Economic 
and Social Development 

While it explored challenges still 
fronting women scientists and engineers in the 
Arab world and in many other parts of the 
World the: also revealed diversity 
and progress not often conveyed in Western 
ews reports from the region. And in a time of 
rising mistrust and conflict, the conference 
showed a way toward constructive engage- 
ment of nations and cultures based on seience 
and technology. 
jn addition to just meeting people and learn 
ing about the diversity in the region, there was a 
hopefulness that filled the room.” Shirley Mal- 
‘com, head of Education and Human Resources 
at AAAS, said afterward. “You had a sense that 
many of the women came out ofthis conference 
With a new realization of some possibilities for 
the future, and they were going to go home and 
apply that in their work, And you could say the 
‘same for many people in the US. group, too.” 

Held 8-10 January atthe elegant Arab Orga 
nizations Headquarters Building, the confer- 
ence drew more than 200 scientists and engi 
neers from 18 nations in the Middle East and 


‘Samira slam, head of the Orug Monitoring Unit 
at King Fahd Medical Research Center in Jed- 


Northern Africa and a delegation of about 20 
from the United States. It was held under the 
patronage of Kuwaiti Prin ter Sheikh 
Nasser Al Mohammed Al Ahmed Al Sabah, 
It was organized by the Kuwait Institute for 
Scientific Research: the Kuwait Foundation 
for the Advancement of 


and 
evelopment 
the US, State Depart 
‘ment; and AAAS. 
AAAS’ de 
was led by Chief 
tiveOMficer Alan. Lesh- 
ner, who also serves 
ecutive publisher 
of Science, and also 
included Malcom; Sei- 
Executive Editor 
Monica Bradford; and 
Chief International Officer Vaughan Turekian, 
\who played a central rok in onganizin 
AAAS in recent years has been building its 
‘engagement with the Middle East and North- 
ern Africa. Officials have written and held con- 
ferences on the state of sciene 
Science & Technolo; 
‘organized the ercation of the Iraq Virtual Sei- 
‘ence Library and a conference in Jordan on the 
Uses of geographic information syst 
ter sustainable urban development, This 
month, on 19 February, a half-day symposium 


SCIENCE POLICY 
New Site Tracks S&T Legislation 


With climate change, national security, 
innovation, and other seience- and technol- 
‘ogy-related issues prominent on the US. 
‘national agenda, AAAS has launched a new 
site that wll rack S&T legislation as it moves 
through Congress. 

‘You can find the list at www.aaas.org/ 
sppkegtracker. 

The site details the names, sponsors, and 
status of bills pending in the US. Senate and 
‘House of Representatives and includes links 
to other useful resources. It will be managed 
and updated regularly by the AAAS Center 
for Science, Technology, and Congress. 


gatio 


‘on the role of women and innovation in the 
Arab world was held at the AAAS Annual 
Meeting in San Francisco. 

On the morning that the Kuwait conference 
‘opened. the Kinvuit Times published a commen 
lary co-authored by Leshner and Farkhon 
Hassan, a professor of geology at the American 
University in Cairo, a member of the Egyptian 
Parliament, and seeretary-general for the 
National Council for Women in Egypt 
ina world prow ing ever-smaller, no single 
nation, no region or culture, owns science.” they 
wrote. “While researchers may speak many lane 
guages. they share a common dedication to sei- 
{ence as a rational process of problem-solving 
that holds enormous promise for the well-being 
and advancement ofall humanity.” 

In the opening address delivered on behalf of 
the Kuwaiti prime minister, Deputy Prime Mine 
ister Mohammad Sabah Al-Salem AP-Sabah said 
young women “are becoming an important 
asset to the nation’s advancement, “We want 
more women to take part in the developmental 
process of the nation through their contributions 
tothe society on firmly rational grounds,” said 
AbSabal, who also serves as foreign minister, 

Paula Dobriansky, the US. undersecretary of 
state for democracy and global affairs and a 
leader in developing the idea for the event, 
‘expanded on that sentiment in a later address, 
“Tnternational science cooperation is at its best 
\when it provides opportunities for women, and 
draws on their resources and strengths, thus 
greatly expanding our capacity for achieve- 
ment.” she said. “Science and technology 
‘empower individuals, and empowerment gives 
hope—which is the antithesis of many of the 
‘problems that fel the worlds current conflict.” 

Leshner, in one of the opening talks of the 
forum, emphasized the theme of global S&T 
collaboration in the post-9/11 world. His talk 
licited a poi with epidemiolog- 
ical psychiatrist Rafia Ghubash, president of 
both Arabian Gulf University in Bahrain and 
the Araty Network of Women in Science and 
Technology. She expressed regret for the 
attacks of 9/11 and acknowledged that in the 
‘current climate it will take time to repair rela 
tions between Arabs and Americans. 

“L would like, at this conference, to talk seri- 
‘ously that we would like to work with the 
American people but outside the political 
agenda,” Ghubash sai, 

Leshner immediately agreed. “We believe 
science is the apolitical, or nonpolitical, vehicle, 
and should be used for far greater communica 
tion generally around the world.” he said. “[1t] 
‘can bea very important vehicle for peace 
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The progress 
made by Arab 
women—and 
the challenges still 
confronting 
them—were cap- 
tured ina presenta 
tion by Samira 
Islam, a pioncer- 
ing Saudi Arabian 
pharmacologist 
and scholar who 
serves as head of 
the Drug Mor 
King Fahd Medical Research 
In earlier writings, she noted that the 
nic belief stress gender equality 
and that the teachings of the Prophet Muham- 
mad require every Muslim to seek knowledge. 
But, she said at the conference, the West 
‘often sees the Arab world and Arals women 
simplistically, With 321 million people in 22 
‘countries the region “cannot be viewed asa sin- 
monolithic community in term of endow= 


Paula Dobriansky (center), 
U.S. undersecretary of state 
for democracy and global 
affairs 


el 
ment or human development,” she said 
Citing 2003 statistics reported by 


UNESCO, Islam reported that w 
prised 74% of science graduates 
in Qatar, and 47% in Lebano 
aduates were women, and in 
nong six major 
imit women, nearly 45% off 
in 2004-05—nearly 8700 in 


were women, 
Once out of school, however, the opportuni- 
wailable to Arab women ate diminished 
Islam found. In Saudi Arabia and other coun 
tries, jobs in S&T education and research go dise 
o men,as do goverment grants 
for research. “The glass ceiling is stil existing 
for women in the Arab region and around the 
world" she said. 

In presentations and informal discussions, 

the Araby women detailed the cultural practices 
‘that ereate obstacles: family values that often are 
biased toward the success of male children; 
expectations that women are responsible for 
‘cooking ang! chikl-rearing: social restrictions on 
interacting with men, which makes networking 
difficult; and limited options for mentoring, 
The problem is not the number of women 
attending schools, or high schools or universi= 
ties —the problem is what are they doing after 
wards.” said microbiologist Maysa Azzeh, a 
Palestinian and assistant professor in the Depart- 
ment of Immunology and Microbiology at al- 
Quds University in Jerusalem, “Most of them 
and their parentsare actually more worried about 
are they going to get married and have kids or 
not. Andthisisnot only an Arabic problem — it is 
an international problem. But itis more focused 
and clear in our society 

By the meeting's end, participants had identi- 
fied strategies for further progress: mentoris 
Jocal and intemational networking: establishing 


local science eenters for students: giving boys 
and girls the same opportunities. 

‘And whether from the Middle East, Nother 
Africa othe United States they expressed hope 
thatthe Kuwait conference wouldbe followed by 
sustained action exchanges, research collabo 
rations, workshops, and conferences—that 
\would contribute wa cross-cultural engagement 
‘of women, and men, in S&T. 

Inthe closing minutes ofthe forum, Fatima 
Ahmed Alhadi, an assistant professor of plant 
physiology atthe University of Sanai in Yemen, 
asked for the 
microphone. She 
was dressed con- 
servatively—a 
‘Mack robe, her hair 
‘covered in a black 
sath ber fie hide 
den behind a black 
veil, except for her 

“Women sei- 


Fatima Abmed Alhadi assis- entists in Yemen 
tant professor of pnt phys- are very much 
fology at the University of inderestimated.” 
Sandia enen she sald conf 


woman as a woman in any field, especially in 
science, Wehave very distinguished scientists 
and very active gitls who would like to be dis 
tinguished in science, but they don't have that 
chance, or they don't get that chance... We 
would like, afler we come home, to be more 
distinguished in our country and be more 
active and achieve all our expectations in the 
ield of science 


EDUCATION 

Project 2061 Offers 
Climate Change 
Teaching Guide 


Project 2061, AAAS’ 
influential science lit- 
eracy initiative, has 
released a new guide that 
will help prepare educa- 
tors to teach today’s stu= 
dents about the science 
and societal implications 
of changes in the global 
climate that are already 
shaping the future. 

‘The teaching guide, 
Communicating and Learning About Global 
Climate Change, is based on Science for All 
Americans and the Atlas of Sctence Literacy. 
‘two seminal science education documents pub- 
lished by Project 2061. Using these two 
resources, the guide describes what adults 


should know about climate change and then 
shows how students work toward that know 
edge as they move from kindengarten through 
high school. The guide was included in a special 
teachers’ kit distributed during a town hall ev 
‘on climate change held this month at the AAAS 
Annual Meeting in San Francisco, 

“This guide brings together several different 
strands from the water eycle and the atmo= 
sphere and the dynamic nature of ecosystems to 
evaluating scientific evidence, using energy 
resources, and making decisions about technol- 
‘ogy that are essential to understanding the sci= 
cence of climate change and its implications,” 
said Jo Ellen Roseman, director of Project 2061, 
“By laying out the basic scien 
important for understanding 
shenving hw they relate to one another, teachers 
‘can gain a good picture of whit seience-lterate 
person should know and be able to do as a cone 
cemed and well-informed citizen.” 

For instance, the guide shows how Iessonson 
the Earth’s resources can wend their way froma 
first-grader’s discovery of the kinds of fucl used 
to heat homes around the world, to a fifth= 
‘grader’s understanding of pollution and a high 
school student's grasp of the economic and 
social tradcoffs in using different fuel resources, 

Project 2061. 3 long-term project of AAAS, 
to boost American understanding of science 
and mathematics, produced a similar teachers? 
guide on evolution for the 2006 Annual Mect- 
ing in St, Louis, which “was very popular,” 
according to Mary Koppal, Project 2061 come 
munications director, 

The teachers’ kit also included a classroom 
version of the game “Stabilization Wedges. 
developed by Princeton University's Carbon 
m Initiative (CML). Teams play the 
e by choosing a variety of strategies 
0 tears to nuclear 

10 keep world carbon emissions from 


power 
‘doubling over the next $0 years. The game has 


its roots in a 2004 Science article by Princeton 
researchers Robert Soi nd Stephen 
Pacala, There are no right or wrong answers in 
the game, but judges pick a winner based on 
how well they defend the merits oftheir partic: 
ular mix of strate 

“It's ahways worked well in the environments 
wwe’vephayed with, researchersand industry folk, 
‘but we thought if we put it in the hands of S00 
teachers, they would probably come up with 
kinds of fantastic ideas.” said! Roberta Hotinski 
a science communicator at CMI who helped 
develop the game. 

‘Along with the guide and game, teac! 
the town hall received a copy of AAS’ new 
Videoon climate change, which focuses in parton 


ge of Shishmaref, anda Ketter of 
Participation reflecting three hours” worth of pro- 
fessional development. To receive a copy of the 
Project 2061 teaching 


ide, contact Mary Kop- 
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A Route to the Brightest Possible 


Neutron Source? 


‘Andrew Taylor, 


Peter Norreys,* Tim Broome,” David Findlay,? 


* Mike Dunne,’ Steve Bennington,* Stuart Ansell,? lan Gardner,” 


chard Nelmes? 


We review the potential to develop sources for neutron scattering science and propose that a 
merger with the rapidly developing field of inertial fusion energy could provide a major step 
‘change in performance. In stark contrast to developments in synchrotron and laser science, the 
past 40 years have seen only a factor of 10 increase in neutron source brightness. With the advent 
‘of thermonuclear ignition in the laboratory, coupled to innovative approaches in how this may be 
achieved, we calculate that a neutron source three orders of magnitude more powerful than any 
‘existing facility can be envisaged on a 20- to 30-year time scale. Such a leap in source power 


would transform neutron scattering science. 


itrON_ scattering. provides a powerful 
N= of the structure and dynamics of 
enxdensed mater, complementary to X-Fay 
ind other techniques, across a wide range of 
science from solid state physics to biology (/, 2, 
Although therehave been remarkable adv 
inthe sensitivity and scope of neutron seatter- 
g experiments, there has not been the trans: 
mation that can come from 
the multiple orders of 
tude inerease in source power 


techniques are intrinsically more effective than 
X-rays in locating hydrogen atoms in structures, 
in resolving detail of atomic thermal motion and 
structural disorder, in studying collective ex 
tations like phonons, and in deter 

wagnctic structures. The most powerful soun 
for which a design study has been funded is the 
S-MW European Spallation Source (ESS), 


action in much greater detail; or to. study 
‘materials at mone extreme pressures and temper- 
atures, under conditions similar to those found 
deep inside Earth: oF 10 study: more complex 
materials the kinds of materials that we use in 
the real world rather than the idealized samples: 
that we study in the laboratory; or to study 


we 
describe a way in which it might be possible to 
create a neutron souree three or more onders of 
magnitude brighter by using foresceable develop 
‘ments in inertial fusion energy (IFE) technologies 
to take neutron scattering into completely new 
areas. These could include problems like the 
dynamics of molecular motors, protein folding, 
diffusion through membranes, and proton trans- 
fer mechanisms; and, given that even at these 
fluxes there is no measurable beam heating. 
‘much of this biochemical work could be done in 
Vivo, As well, such a lange gain in source power 
would completely transform neutron scatering 
studics of materials, condensed matter physics, 
chemical reactions, engineering, and geopane- 
tary science. 


Present Limits 


Figure | illustrates how curent- 
ly available neutron sources 


sect int x-my synchrotron fie 
cilities. The 20 years. from 
1980 10 2000 brought an in- 
crease in Mux of 10° in going 
from the second-generation syn- 
chrotron sources. t0 the thint- 
xenetation machines, and there 
very prospect of a further 10 
‘orders of magnitude inerease 
with the construction of x-ray 
free-electron lasers (3. 4). In 
contrast, the source power of 
neutron scattering facilities has 
‘only enjoyed gains of only about 
‘one onler of magnitude over 
the past 40 years, with at most 
another factor of 10) oF s0 cur- 
rently in prospect. 

Neutron scattering ean be 
used to study the structure and 
dynamics of almost any solid or 
Fiquid, and as such it spans the whole range of 
cconulensed! matter research ftom electron come 
lations in quantum critical systems to the 
hydration of biopolymers in solution. Neutron 
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Fig. 1. Neutron source flux versus year. A comparison between reactors, spallation 
sources, and the proposed inertial fusion source. “Effective flux” values are notional 
equivalent reactor core fluxes that provide an accepted approximate comparison 
between the different types of sources for many classes of experiments [adapted 
from (24)]. The figure includes the Intense Putsed Neutron Source (IPNS) at Argonne 
and the new high-flux reactor FRA-II in Munich, The other named sources are 
identified in the text. 


Which would provide flux 10 t0 20 times as 
high as the ISIS facility in the Uinited Kingdom 
(5) (for many years the world's most powerful 
spallation neutron source), This full order-of- 
magnitude inercase im neutron flux would allow 
experiments to be performed with far greater 
spatial or temporal resolution (or momentum 
and energy resolution in conjugate space) and 
provide access to measurements that have so far 
been impossible because the samples are too 
‘small oF exist for too short a time. For examph 
it woukl make it possible to study enzyme 


are reaching the limits of ex- 
isting technologies, There are 
‘wo distinet approaches: pulsed 
spallation sources, in which 
accelerated protons smash or 
“spall” neutrons out of a heavy= 
metal target, and nuclear fission 
reactors, 

‘A reactor designed to provide 
beams for scattering exp 
ments has to have a compact 
hiigh-Mhax core to maximize ther- 
mal source brightness (see Fig 
2). The limiting factor is the 
which a lange amount 
can be extracted from 


ties already began t0 approach 
their maximum power in the 
1970s with the $8-MW Institut 


Laue-Langevin (ILL) in France (6), and the (un- 
funded) Advanced Neutron Source's ~330-MW 
reactor (7) would have reached the water-cooling 
Timit for a compact reactor cor. 

Spallation sources also have t0 use com- 
pact target assemblies 10 provide high-fux 
beams for experiments, but the crucial factors 
are the density of power deposition and radia- 
tion damage rather than total power. The effect 
‘of depositing the power in a short pulse (on th 
order of a jis) is to induce stress in the target 
‘material fora solid target or in the container for 
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Fig. 2. Schematic of a high-flux reactor core. 
To maximize the flux brightness of the thecmal 
neutron beams, itis necessary to make the core 
as small as possible, typically tess than 1 m?. 
The limiting factor then becomes the maximum 
achievable rate of cooling. Current high-flux 
reactors like the ILL produce 58 MW of power, 
which is cooled by fast-flowing D20. The design 
of the (unfunded) 330-mW Advanced Neutron 
‘Source in the United States took reactor sources 
‘lose to their practical limit. 


4 fiquid metal tanget (sce Fig. 3). The MW 
Spallation Neutwon Souree (SNS), which is eur 
rently in its commissioning phase (N), uses a 
id merwury target 10 remove the heat de 
posited by the proton beam and cope with the 
pulsed power and radiation damage. The ESS 
design (2) is close to the acceptable limit for 
these effects, 

In assessing the prospects for future neutron 
scattering science, we tum to another field of 
research that could be adapted to the benetit of 
the neutron community. As shown, the conven- 
tional approaches are reaching the limits of the 
survivability of their core or target. Inthe fick! of 
IPE, this issue is neatly sidestepped by allowing 
the target to be destroyed and then replacing it, 
several times a second. This field is likely to 
mature over the coming decade, sul that iti 
now timely 10 consider how it might affect 
neutron scattering science, 


Inertial Fusion 

In IFE research, lasers are used to compress a 
very small mass of deuterium CH) and tritium 
CHD w sufficiently high densities and temper 
atures to initiate a propagating thermonuclear 
reaction in which these nuclei combine 1 form 
fan energetic alpha particle (3.5 MeV) and a 
high-energy neutron (4 MeV). The achievable 
neutron yield is considerably higher than can be 
‘envisaged from any reactor- oraccekrator-based 
approach, and there are no limitations imposed 


by tanget survivability. The means by which this 
high-energy neutron source could be adapted to 
provide low-cnergy neutron beamlines for 
scattering applications is explored in the next 


of IFE is long. with many prob 
Jems having being encountered along the way 
‘The initial concept, suggested in the 1960s and 
developed through the 1970s (9), calculated that 
a laser with energy on the onder of 1k would be 
sufficient to implode a fucl pellet to the degree 
requited for fusion to selFinitiate (a threshold 
known as “ignition’”).Itis now believed that this 
estimate was wrong by three orders of magni- 
tude because of an incomplete treatment of 
hydrodynamic and plasma instabilities. Conclu- 
sive demonstration experiments were performed 
in a classified program by the United States in 
the 1980s, which defined the energy required to 
drive a small capsule to ignition, What now re- 
mains is to demonstrate this process with a lab- 
‘oratory driver and to develop the technology 
associated witha fusion energy power plant, The 
next major milestone along this path is almost 
upon us, with a new generation of lasers with 
‘enemgy ~2 MJ being constructed in the United 
States and France to finally realize the goal of 
ignition (0), with every anticipation of success 
in the period 2010 w 2015, 

As a result of this upcoming demonstration 
‘of ignition, there has been much research into, 
the techniques by which IFE can be developed 
into a viable high-repetition source for a future 
power plant. The current generation of fusion 
Tasers has a woefully low repetition rate, with the 
time between shots measured in hours. The rate 
required fora viable power plant is on the order 
of $ Iz. The capital investment and techno- 
Joggical hurdles associated witha high-repetition- 


Moderator, 


Target 


meter 


t——=r 


rate laser capable of delivering en 
smulti-MJ regime has been a principal concem of 


the fusion community formany years. To address 
fast 
This 


this issue, an innovative approach to IFE 
ignition” —has bom suggested (U1. 1. 
approach has the potential 10 reduce the ke 
nengy requirements by an order of magnitude, 
thus lowering the facility costs and easing the 
route to high repetition rates 

In fast ignition, a capsule is first compressed 
to moderately high density at low temperature, 
creating an isochoric (uniform density) rather 
than isobaric (uniform pressure) fuel assembly 
Ten nanoseconds later, at the point of ma 
‘mum compression, asccond high-intensity short- 
pulse beam is used to ignite this compressed core 
(Fig, 4), resulting in an intense, isotropic burst 
of 14 MeV neutrons. For this to be effective, it 
may be necessary 10 insert a metallic cone (lyp> 
ically gold) in the pellet to allow the ignition 
pulse access to the center of the compressed 
plasma. With this method, the gain is limited 
only by the size of plasma that ean be assem 
‘bled. Experiments 10 verify the physics under- 
Iying fast ignition are well under way with very 
encouraging results (11), such thi now 
reasonable to explore the likely applications of 
this scheme. Ifsuccessful, ~300 kJ of laser en- 
exgy is calculated 10 produce some 30 M) of 
total fusion energy, of which 22 MJ is in high- 
energy neutrons (73). This would open up the 
potential for adaptation of fst-ignition fusion 
1o alternative science applications, 

‘The potential for application to neutron sources 
arises because a 22-MJ yield translates into a 
remarkable 10" neutrons por pulse, and the 
replacement of the source for each shot means 
that there és. no longer any source-consery ing 
limit. That is, the principal timitation of the 


Thermal 
poutron 
Beam 


Fig. 3. Schematic of a high-power spallation neutron source. The latest designs of spallation 
neutron source, such as the SNS at Oak Ridge in the United States or the as-yet-unfunded ESS, are 
designed to run at powers in the 1- to S-MW range. The thermal shock is too great for a solid 
target; liquid mercury is used instead and flows at high speed to remove the deposited heat. The 
limiting factor for the target design is the material erosion caused by the shock wave when the 
proton beam hits the target and its container. This liquid mercury design is close to the practical 


limit on power. 


wuesciencemag.org SCIENCE VOL315 23 FEBRUARY 2007 


1093 


| REVIEW 


1094 


fly 


Fast 
‘neutrons 


Fig. 4. Schematic of a conceptual design for an inertial fusion neutron source. Compression laser 
beams are focused on the millimeter-diameter Deuteriam-Tritium capsule. The ignition short-pulse 
beam enters ~10 ns later via a gold cone through the compressed plasma. Some of the 14-MeV 
“fast” neutrons that are produced enter a moderator through a moving, sacrificial Pb converter. A 
flowing water moderator ~15 cm long, ~15 cm high, and ~5 cm wide provides sufficient moderator 
efficiency and a pulse width suitable for neutron scattering experiments, Several such moderators 
are placed in the equatorial plane, 1 m from the target. Moderated “thermal” neutrons are emitted 
from each 15-cm-by-15-cm face to provide beams that interact with experimental samples, as 
shown. Several neutron-beam instruments can view each moderator. The moderator assemblies 
‘occupy only ~+2° about the equatorial place, easily clear of the incident laser beams, which can be 
removed {rom a region up to +30” about the equator and still retain adequate symmetry to drive 


the implosion in this fast ignition geometry. 


reactor and spallation approaches: Would be 
completely removed. 

Several more years of research are needed 
before there ean be confidence that fast ignition 
represents a viable route for energy production 
‘oF for alternative applications such as those pro 
posed here, However, IFE research in this area is 
pmceeding at a very fast pace, both on driver 
technology development and! in the construc: 
tion of a number of new facilities to test the 
physics underpinning the basic target design for 
fast ignition. These facilities (in Japan and the 
United States) will demonstrate in the next $ 
_years whether it is possible to heat highly com- 
presse! matter to the temperature required for 
hot spark formation. If this is proven, then the 
construction of lasers designed to provide high 
repetition rate and high-energy gain through 
thermonuclear bum propagation should begin, 
along with accelerated development of the 
engineering solutions required for a practical 
high-throughput facility. One might expect ex- 


ain fusion to start in the middle of the 
next decade. 


‘A Conceptual Design 
To be useful for scattering studies of struc 
tures and excitations in condensed matter, the 
initial 14-MeV neutrons nea to be slowed to en- 
ceruies of less then 1 eV (14, 15). This can be 
achieved by allowing the neutrons to mach 


tal programs studying the physics of 


‘thermal equilibrium with a cool (300 K) bath of 
material in a process known as moderation (Fig. 
4). Inacollision witha proton, a neutron will on 
average Jose half its enemy, so the most 
effective moderator materials are those with 
the highest density of hydrogen atoms. Water is 
particularly effective, not only because of its 
hydrogen content but also because its Figuid 
nature allows heat to be removed quickly 
through mass transport. A pulse of neutrons 
from the target quickly moderates in the water, 
and the slowed neutrons then diffuse out over a 
period of time (typically a few tens of micro- 
seconds). The time constant of the process is 
determined by the size of the moderator and the 
diffusion constant of the neutrons within the 
material. Therefore, itis possible to control the 
time width of the thermal neutron pulse by 
changing the dimension of the moderator along 
the dircetion of the emitted neutron beam. 
Water moderation is inefficient at 14 MeV 
‘because the bath is semitransparent to such high 
‘enerey neutrons, but the moderation efficiency 
can be considerably enhanced by placing a layer 
‘of lead (~30 mm thick) on the Ieading surface of 
the water container to first convert the 14-MeV 
neutrons to lower energies, around 2 MeV, 
through inelastic reactions in which each inci- 
dent neutron gives rise to two oF more emitted 
neutrons. Moving fom 14 MeV to 2 MeV, the 
scattering efficiency (cross section) of watcr 
more than doubles: for our 13-cm-long moxer- 


stor, more than 20% oF 4-MeV neutrons will pass 
though without interacting, whewas at 2 MeV, 
this drops to 

This lead layer on the leading surface of the 
moderator containment also serves to protect the 
moderator assembly. A conveyor system that 
moves the sacrificial Iead layer past the front 
‘wall of each moderator will be needed so that a 
coo! and unablated surface is presented for each 
pulse. This will reduce heating of the moderato 
‘counter the problem of shockwaves in the wat 
that is otherwise likely to be caused by the fast 
rnoutron and gamma flux, and protect the mod- 
erator assembly fiom ablation by high-energy 
xrays and charged ions. 

{In practice, there are likely o be several mod- 
crators, cach viewed by a number of experi- 
mental beamlines, To achieve the highest neutron 
bbrightess, these moderators nced 10 be as close 
to the fusion source as possible, However, this 
thas to be balanced with their ability to survive the 
hostile imadiation environment and allow aecess 
forthe lasers. 

‘To explore the feasibility of the scheme, we 
have designed a notional target and moderator 
assembly using a Monte Carlo neutton transport 
code (76). This models the moderation process 
to provide values to within S to 10% for the neu 
tron flux, radiation damage, and heat depositio 
In our conceptual design (Fig. 4), we placed four 
moderators 1m from the fusion target, with a 
swidhh of water ($ em) chosen 10 produce short 
pubes of neutrons similar to those founel in ex 
isting spallation sources. By using these Monte 
Carlo calculations itis also possible to show that 
the heat deposition will be comfortably within 
the cooling limit of fast-flowing water, The 
overall moderating process isa fitor of 20 less 
efficient than itis in optimized spallation designs, 
‘but despite this, the useful Mux pr pulse will still 
‘be more than 1000 times a high as that from aan 
ISIS water moderator (77), primarily because the 
initial neuron yickl isso high 

At most neutron sources, the Mux of low= 
energy neutrons is enhanced by the use of cold 
moderators; a moderator at 20 K can provide 
gains in excess of a factor of $0 below | meV, 
compared fo one at room temperature. The eur 
rent state-of-the-art design on a pulsed source is 
to surround the hydrogen with a water premod- 
erator 10 boost efficiency (/8) and proteet the 
hydrogen from excessive heat deposition. The 
fheating will still set limits, but we estimate that 
by running a water-protected cold moderator at 
its cooling limit, it will be possible achieve 
cold neutron flux at east 100 times that from 
a comparable ISIS moderator. However, the 
cooling limit is mostly zovemed by the mass 
transport achievable with current circulator 
technology and, because this has never been a 
limiting factor before, very little effort has been 
invested in obtaining higher performance, There 
is plenty of room for improvement over the com- 
ing decades to match the 1000-fold gain estimated 
for water moderators, 
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We envisage the source running at 3 repe- 
tition rate of 10 Hz, which is ideal for neutron 
scattering experiments and only a factor of two 
greater than the $ Hz typically planned for 1FE 
power phint designs (9). Progress is such that 
‘operation at 10 Hz is likely to be achioved with- 
in the 20-10 30-year time frame, with the limit- 
ing factor being the reactor chamber dynamics 
(cx, cooling) rather than provision of the laser 
‘source. On a longer time scale, it also appears 
probable that a further factor-10 inerease in new- 
tron Mux could be envisaged by making use of 
baseline (300 MJ) IFE reactor designs and/or 
more closely coupled moderators. This would 
mainly requ ied desiyn of the vacuum 
system and an efficient cooling and remote re- 
placement capability for the converter’ maderator 
assembly. 


Design and Operation Issues 
There are, of course, many difficult challenges to 
‘confiont, but these are principally ones that 
already need to be overcome for IFE power plant 
designs, 

‘As well as the deposited heat, the moder- 
‘ator assemblies have to cope with the materials 
damage caused by the neutron, fast ion, and 
thermal x-ray flux fiom the fusion reaction, The 
capsule implosion releases an energy equiv- 
alent to 7 kg of high explosive, but instead of 
producing a shock wave, this enerey mostly 
{goes into producing neutrons with relatively 
low momentum. However, the reactions 
produce a large number of x-rays and high- 
‘enengy charged ions that, if they were allowed to 
hit the moderator assembly, would cause sub- 
‘stantial radiation damage and would rapidly abe 
late away surfaces. Experience shows that this 
begins to occur if the flux exceeds | to $ Jem’, 
‘and, because the current IFE power plant de- 
signs typically predict $ 10 20 Jen in fast ions 
and 05 to 1.5 Jlont in x-rays at the chamber 
wall, sophisticated flux mitigation techniques 
will need to be developed by the fusion com- 
munity (20). The estimated uence on our Pb 
neutron converter is ~S0 J/cm? in fast ions arnt 
~3 Jem? in x-rays, of within a factor of 2 to 3 
‘ofthe problems already faced by the IFE com 
munity, so that we can reasonably expect 10 
adopt similar mitigating procedures. 

‘To cope with this highly hostile environment, 
we propose to use the lead layer as a sac 
ick! as well as an energy converter. We 

Will be ablated at about 100 mnvhour, 
need to be a moving stip as shown in 
we would envisage a thin 
yer on the front of the lead, because 
replacing as much as possible of the ablated 
lead with ablated plastic is preferable with 
respect to waste management. The level of 
ablation from the eonverter equates 10 ~107" 
atoms per puke, which is comparable to the 
dbris associated with IFE target designs. s0 we 
‘ean adopt similar vacuum and waste-collection 


technology. 


As well as ablation, the radiation will weaken 
materials through radiation damage. The neu- 
tron fluence at the front face of the moderator 
assembly (~1 m from the fusion target) is ~ 8 * 
10 nem? per shot. Over a lifetime of | month, 
‘the moderator has therefore to withstand 
radiation by ~10"" nim. This is sufficient 10 
induce on the onder of 100 displacements per 
atom, which is beyond the limit of structural 
survivability for the assembly, Put another way, 
this means that cach atom is displaced on average 
once every 7 hours. We estimate that the effects 
‘of radiation damage will require a design in 
which the whole moderator assembly can be 
routinely replaced each month—an operationally 
acceptable frequency. 

‘The facility would likely consume >10 kg a 
year of tritium, which is equivalent 1 SO of the 
World's current inventory. However, techniques 
are being developed in the fusion program that 
will make it possible 10 “brood” all the tritium 
required by reacting newtrons with a layer of 
Tithium and lead buik into the walls ofthe outer 
containment vessel. This will capture 14-MeV 
neutrons and generate the tritium required for 
subsequent fuel pellets through the reaction 
SLi + n— “He » *T. Because the neutron capture 
efficiency is only ~8O% there is a need to 
compensate through ncutton multiplication in 
this blanket. This is achieved by inelastic re- 
actions in the lead atoms (2/). For our purposes. 
the neuton scattering infrastructure results in 
‘only a small additional reduction in the total 
neutron population (~1-2%), such that it is rea- 
sonable to assume the tritium breeding scheme 
‘can absorb this perturbation. Interestingly. the 
fast ignition scheme adopted here may even 
permit the use of designs in which only trace 
amounts of tritium are required within the 
capsule, so the complexity of extemal breeding 
can be avoided or minimized (22). 

‘The tritium requirements and the materials 
survival are all difficult issues, but they are 
already being addressed very actively by the 
fasion energy community. Considerable pro- 
gress in this ficld is expected in the next decade 
asa result of the decision to proceed with the 
ITER fasion projet (23-25). 


Concluding Remarks 

‘The merging of neutron scattering science with 
IFE research offers the potential for a revolu- 
tionary increase in newiron-source brightness. 
Although a source of this kind poses consider- 
able challenges, we have not discovered any 
bari, technical or physical, that would make it 
obviously unfeasible. The great challenges are 
balanced by the huge gains that such a souree 
\would offer This suggestion anticipates the deme 
‘onstration of thermonuclear ignition within the 
next few years and builds on innovative work 
from the fusion community. into how such a 
demonstration could be developed into a viable 
hhigh-repetition soure. The IFE community has 
a long history of tying a broad range of scientific 


REVIEW [ 


applications into its long-term goal of energy 
production, and the advent of ignition now opens 
up these tantalizing prospects for neutron scat- 
tering science. 

We belicve itis timely forthe neutron scatter 
ing community to pay close attention to develop- 
‘ments in IFE and to imagine the rich possiblities 
presented by such an increase in source power, 
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Electrical Activity During the 2006 Mount 
St. Augustine Volcanic Eruptions 


R, J. Thomas,™* P. R. Krehbiel,” W. Rison,” H. E. Edens,* G. D. Aulich,? W. P. Winn,* 


5S. R. McNutt? G. Tytgat? E, Clark? 


‘can produce vigorcus lightning. Early investigae 

tions of volcanic lightning were make during the 
Surtsey and Heimay eruptions in Tecland in 1963 
and 1973 (1, 2). Despite increasing interest (3-5), 
\okeanie lightning continues tobe poorly understood, 
because there are few direct scientific observations 
‘ofthe phenomena. We report observations of ight- 
hing during the recent eruptions of Mt. Augustine 
in Abiska that provide a mote detail! picture of 
volcanic lightning than heretofore available 

‘After the initial eruptions of Mount St. Augus- 


I thts long been known that volcanic eruptions 


tine on 11 ant 13 January 2006, two of which 
produced lightning, we deployed two time-of- 
aarival mapping. stations on the east coast of 


Cook Inkt 100 km cast of Augustine (fig. SD). 
The stations constituted a minimal network cay 
be of detemnining the vinuthal direction of imp 
sive alo sons fm ele dschanses 0) 

Within 2 days of the stations being set up Aue 
austine erupted again, producing four explosive 
‘eruptions during the night of 27 to 28 January 2006 
(7). Although not observed visually because of 
stormy Weather, the data show thatthe first anit 


lightning sequence (Fig. 1), Scismic data indicate 
thatthe eruption lasted about 11 min, from 05:24 
to 0535 UTC, with a particularly energctic ex- 
plosion oceurring between 05:31 and 05:33. 

‘The main explosion, and! a smaller explosion 
~3 min carficr, were accompanied by continuoks 
backgrounds of ste, impukive ration an! by 
several embaddal fighming-liie bursts (Fig. 1A) 
The bursts were detect! by beh messurement sa 
tions and origina frm the directive of Augustine's 
summit (Fig. 1B) The bockgroun acon, loud 
strong, was not detect at the norte station and is 
believed to have originated at few alias imme- 
diately above or within Augustine's vent lis presence 
is indicative of a myriad of small discharges within 
the superhiatad gjecta as it exited the vokano. 

The main explosion was followed alier a delay 
(of 3 min by a sequence of about 300 wellefinal 
lightning dischanges between 08:34:11 and 05:48:31 
UTC. The discharges dried soutrward fiom Au- 
auustinds summit (Fig. 1B), in the sme direction as 
the Nexradsktcced radar plume. One of the final 
dlischarges lsd 650 ms ana hd transverse extent 
‘of 1S kan, extending 10 22 km away from the vole 


Jangest of the eruptions produced a spectacular Fig. IC). The discharges undoubtedly 
Ye peng Data. Me une, ah, say 208 


A. _Festenton, 824638 pn ea, Sanary 27 
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mua 
Tene, UTC Janwary 28, 2006 
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Fig. 1. Overview of the electrical activity during the initial eruption on 27 January. (A) Peak radiated 
ower values at the southern station, with azimuthally located events shown in magenta. VHF, very high 


frequency. (B) Transverse distance of the located discharges relative to Augustine. (C) Temporal 
development of a final lightning discharge near the end of the activity. (D) Vertical projection of an 
upward discharge during the main explosion. 


excurred within the volcans's phim, which devel- 
epad up to 8 to 10 km in altos 

‘Akhough not planned, the southem station for 
tuiteusly finctioned asa seasurfice inkrfiremse, in 
which direct and watcerefleied signals inerfoned 
sonsutively or destuctively atthe ceiving antenna 
pending co the height of the radiation scuroe above 
the vokano. The intcrfirence effarts were clear for a 
ration burs at 05:32:14 during the main explosion 
(Ge. S3).Togsther with the azimusbal dita, the results 
show it the bunt was produoad by an up 
Inkintal, -om-kng discharge fiom Augustine’s 
summit that developed horizontally into the down 
‘wind plume (Fig, 1D). The ration was characteristic 
of ngitivespobuty breakdown ink net postive charge 
in the plume (8) [Supporting Online Matsial (SOM) 
Axi} Simedischareesof the day lishing sequence 
‘muy fave teen ined upward fom dhe sun, but 
most were undubiely intracloud dischanges, 

Overall, the observations of the 27-28 January 
ruptions indicate that Augustine's eloctrial activity 
tod two mods or phases: fist, a newly identifi 
explosive phase in whic the ejecta from the explo 
son appeared to be highly charged upon exiting the 
cand, resuking in numerous appurctly disor 
sganizal dischanses and some simple lighting (Fig, 
1D). The net charge exiting the vokeano appears to 
fave bon ponitve, the stme polarity observed for 
the leclandic vokanoes involving diet contact with 
sea water (J. 2). In the second plas, conventional 
lighting discharges cccumed within the plume couxl 
‘reduced by the explosion, Ahough the plume 
‘undoubtedly changed as a result of the explosion, the 
fact thatthe plume lightning was delayed and con 
tinued aller and well downwind of the erupgion 
indicates that in situ changing also» occurred within 
the plume, for example ats a resuk of peticks iner= 
actions involving tephia, ash, and dee hydrometoars 


Volcanoes are known to release copious amounts of 


‘water and may behave as “ity” thunders (9), 
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Nuclear Activity of MLA Immune 
Receptors Links Isolate-Specific and 
Basal Disease-Resistance Responses 


Qian-Hua Shen,” Yusuke Saij 
Hikaru Seki," Bekir Ulker, 


.* Stefan Mauch,” Christoph 
Imre E. Somssich,* Paul Schulze-Lefert's 


skup,? Stéphane Bieri,” Beat Keller,? 


Plant immune responses are triggered by pattern recognition receptors that detect conserved 
pathogen-associated molecular patterns (PAMPs) or by resistance (R) proteins recognizing isolate- 
specific pathogen effectors. We show that in barley, intracellular mildew A (MLA) R proteins 
function in the nucleus to confer resistance against the podery mildew fungus. Recognition of the 
fungal avirulence A10 effector by MLALO induces nuclear associations between receptor and WRKY 
transcription factors. The identified WRKY proteins act as repressors of PAMP-triggered basal 
defense. MLA appears to interfere with the WRKY repressor function, thereby de-repressing PAMP- 
triggered basal defense. Our findings reveal a mechanism by which these polymorphic immune 


receptors integrate distinct pathogen signals 


olved two classes of immune 
Peso see ti ec 

cIf molecular structures. One class in- 
volves membran 


molecular pattems (PAMPs) such as bacterial 
Aagellin oF chitin, a component of fungal cell 
walls (/), During interactions with virulent para 
sites, PRRs conler weak immune responses that 
attenuate pathogen growth and contribute to 
basal defense (/), Reduced PAMP-mediated de- 
fense probably results from successful host de- 
forse suppression by pathoyen effectors (J), 
Resistance (R) proteins represent a second, 
mainly intracellular, immune receptor class 
having the capacity to directly or indirectly: de- 


kinase signaling, the accumu 
lation of reactive oxygen species (ROS), and the 
on of defense-related genes involving 
transcription factors (TFS) (2). Immedi- 
ate signaling components of effector-activated R 
proteins are unknown. However, R_ protein 
mune responses are also linked to 
ROS accumulation and defense-gene activation 
but differ quantitatively and kinetically from 
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host cel suicide: 
sion sites (3). This points to a convensen 
RR- and R protcin-triggered signaling, but 
nodes ark! mechanisms enabling. plants 40 
fegrate signals from these two receptor classes 
main chisive. 

The polymorphic barley miklew A (MLA) R 
locus encodes allelic receptors containing an N- 
terminal coiled-coil (CC) strict 
nnuckeotide-binding (NB) site, and a Jeuci 
repeat (LRR) region, MLA. receptors. share 

HM sequence ilentity but recognize isolate- 
spexitic Blumeria graminis fp. hordet effectors 
(4-7) MLAT/MLA6 hybrid. analyses revealed 
that recognition specificity is determined by 
different but overlapping LRRs and a C- 
terminal non-LRR region (CT) (6). MLA 
steady-state levels are critical for effective 
sistance and are subject t0 control by cyt 
heat-shock protein 90 (Hsp90) and the 
co-chaperone-like protcins RARI and SGT! 
(8.9), Recently. the B. gruminis effector AVRayo, 
which isrecognized by MLA10, was isolated and 
shown to belong to a diversified gene fami 
comprising more than 30 paralogs (5. 70). The 
availability of the cognate MLATO and AVRaye 
ene pai, as well as the eellautonomous nature 
of MLA resistance to B. graminis upon transient 
gene expression in single epidermal cells, en- 
date effectorskependent receptor 
10. 

Nuclear activity of MLA receptors. Bio- 
chemical fractionation of raf protcin extracts 
from transgenic barley lines expressing epitope- 
tagged MLAT oF MLA6 detected the majority of 
the receptor in the soluble fraction (8), To 
‘examine the subcellular distribution of MLA, 
we biolistically delivered a DNA. plasmid 
encoding MLA10 tagged with yellow fluores- 
cent protein (YFP) into leaf epidermal cells and 
reconted YFP fluorescence by confocal imaging 


(Fig. 1A, upper panel), MLALO-YEP localized 
to the cytoplasm and the nucleus, Biolistic 
delivery of wild-type MLAIO or MLAIO-YEP 
constructs into single epidermal cells compara- 
bly restricted B. gruminis growth in an AVR gtg- 
dependent manner (Fig. 1B), demonstrating 
activity of the MLAIO-YFP fusion protein, To 
determine the functional role of the nuclear 
MLALO pool, we fused a nuclear export signal 
(NES) to the  tenminus of MLALO-YEP (/1), 
Expression of the MLAIO-YEP-NES construct 
revealed undetectable nuclear fluorescence si- 
nals in the majority (N0%) of epidermal cells 
despite clearly visible cytoplasmic YFP fluores- 
cence. In the remaining cells, nuclei were ine 
directly marked by a YFP halo (Fig, 1A, middle 
panel), If this difference in the subcellular 
distribution between MLAIO-YEP-NES- an! 
MLALO-YEP- expressing cells were duc 10 a 
functional NES, then amino acid substitutions 
predicted to render the NES nonfunctional (nes) 
(/1) should restore nuclear accumulation of a 
comresponding MLA10-YEP-nes fusion protein, 
Indeed, the subcellular YFP fluorescence distri 
bation pattems of cells expressing MLA1O-YFP- 
‘ics or MLAIO-YFP were ble (Fig 
1A, bottom panel), Inoculation with B, graminis 
expressing AVRaio showed that the MLAIO- 
YFP-NES receptor variant was inactive, whereas 
MLAIO-YEP-nes restored activity to MLAIO 
wiklype-tike levels (Fig. 1B), 
data strongly imply that the nue 
MLALO is essential for its discase-resistance 
function, This is unexpected because MLA lacks 
‘known nuictear localization signals, 

We next analyzed stable transgenic barley 
lines containing a single copy of functional 
epitope-tagyed AMLAT driven by native 5° rey 
Inory sequences (8), We purified nuclei from 
eaves of 7ay-old scedlings before and after 
inoculation with B. graminis isolates expressing 
or lacking the cognate AVR 4 effector. Inmuno- 
blot analyses detected MLA I-A in both nuclear 
extracis and nnuckei<lepleted soluble factions 
(Fig. 1C). A time-course experiment revealed 
an apparent increase of the nuclear MLAI-HA 
pool in the incompatible interaction (12, 18, and 
24 hours after spore inoculation) as compared 10 
the compatible interaction (Fig. 1C: similar 
results were oblained with protein extracts from 
Jeaf epidermal tissue). This demonstrates. the 
existence of a nuclear pool for a sccond MLA 
receptor is indicative of dynamic changes of the 
nuclear poo! during the immune response, and 
suggests that the intracellular distribution of 
MLAIO-YEP observed in the single-cell system 
probably reflects its physiological locations 

HWWRKY/2 TFs interact with the MLA CC 
domain. We constructed yeast two-hybrid baits 
encoding single or multiple domains of MLA 
or MLAG CC-NB-LRR-CT receptors and 
sereened a barley prey cDNA library derived 
fiom healthy and B. gruminis-challenged leat 
«epidermal tissue (Fig. 2A) (8, 12), The bait MLA 
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CChae (an invariant sequence in all known 
MLA receptors) idenifiod four interactors. Two 
were dismissed because of their predicted local- 
tion in chloroplasts and mitochondria. One 
identified prey CDNA encoded an N-terminally 
truncated version ofa WRKY domain-containing 
TR, designated AAWRKY2 (Hi, Hordewm vue 
gare) (Fig, 2A; GenBank accession number 
AISS3838). A highly soquence-relted homolog, 
designated Hv WRKY1 (GenBank accession 
number AJS36667), sharing 72% sequence sim- 
larity and identical domains and motifs (fig. S2), 
was subsequently isokited and also found to 
interact with the MLA CCy4» bait by targeted 
yeast two-hybrid experiments, To characterize 
MLA and HWRKY1/2 TFs interactions, we 
performed directed yeast two-hybrid assays using 
Tmuncated and full-length receptor and TF vari- 
ants. Although interactions were foun with trun- 
‘cated fons of the receptor anal the TFs (Fig. 2A), 


the full-length MLAG bait failed to interact with, 
all tested HeWRKYT or Hv WRKY2 prey vari- 
ants despite the presence of comparable amounts 
of the LexA-MLA fusion proteins (fiz. St). This 
indicate requirements for intra- and inicr- 
molecular interactions in vivo. 

‘To examine whether MLA directly interacts 
with JA WRKY12, we performed in vitro pull- 
down assays. A hemagglutinin (HA) epitope 
tagged MLAT CCy.yoo fragment was expressed 
ina wheat germ in vitro translation system and 
subsequently incubated with glutathione S- 
transferase (GST)-MWRKY2yo7<19. oF GST 
alone purificd from Escherichia coli lysates 
Immunoblot analysis of GST pull-down precip- 
itates with HLA antibodies revealed the presence 
Of MLAL CCy.teg in GSTEAWRKY24e7.319 but 
not GST precipitates (Fig. 2B). This is con- 
sistent with a physical intemetion between the 
MLAI CC and the HyWRKY2 TF 
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Fig. 4. The nuclear MLA1O fraction mediates race-specific resistance. (A) Confocal image of 3 


barley leaf epidermal cell expr 


sing MLA1O-YEP [upper panel, three-dimensional (3D) 


reconstruction], MLALO-YEP-NES (middle, 2D z plane), and MLA1O-YFP-nes (lower panel, 2D z 
plane). Cytoplasmic strands traversing the vacuole are also visible. Arrowheads mark the nuclei, 
Seale bar, 10 jum. (B) Haustorium index in leaf epidermal cells upon biolistic codetivery of the 
indicated plasmid vectors and GUS reporter. Bombarded leaves were inoculated with B. graminis 
isolates expressing AVRa, oF AVRaxo- Fungal haustoria were microscopically scored 48 hours after 
inoculation. Data were obtained from three independent experiments. (C) Western blot of MLAI-HA 
in nuctear and soluble fractions of healthy or 8. graminis-challenged leaves. Purified nuclear and 
rnuclei-depleted soluble fractions were prepared from leaves of a transgenic line expressing MLAI-HA 
(6) at the indicated time points {hours post inoculation (hpi)} after inoculation with 8. graminis 
isolates expressing or lacking AVRax (incompatible or compatible). All fractions were subjected to 
immunoblot analyses. This loading represents an approximately 16-fold overrepresentation of 
ftuclear proteins on a per-tissue amount basis. O, non-inoculated controls. Histone H3, cytosolic 


Hsp90, and Coomassie blue (CB) stai 
(RubisCO) were used as fraction markers. 


of ribulose-1,5-bisphosphate carboxylase-onygenase 
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HVWRKYL/2 repressor functions. ‘To cluci- 
date the functional role of HvlWVRKYI and 
‘HeIWRKY2 in immune responses to B. graminis, 
‘we first examined their contribution to basal de 
nse mechanisms by virus-induced gone silene- 
ing (VIGS) during a compatible interaction. 
Barley seadlings were inoculated with a barley 
stipe mosaic vinus (BSMV) vector harborin 
antisense fragments of HvW/RKY (BSMV 
WRKY las) or /4I/RKY2 (BSMV-WRKY2a) 
‘or control vectors (Fig. 3A) (3), Two weeks aller 
BSMV infection, leaves were inoculated with a 
virulent B. graminis isolate, and the fequ 
fungal microcolonies on the 
microscopically scored 48 hours later, Whereas 
Ieaves inoculated with the control vectors 
supported a. fiequency of 15 © 2% and 19 = 2% 
microcolonies, respectively, significantly reduced 
Ievels were found with BSMV-WRKY las and 
BSMV-WRKY2as 7 = 2oand9 = 3% (Fig. 3; 
the fourth leaf was used for VIGS experiments 
that show a higher level of basal defense than 
did the first true leaf used for single-cell yene 
expression studies}, This is consistent with and 
extends previous data showing heightened 
resistance to a different virulent B. graminis ino- 
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Fig. 2. HUWRKY/2 TFs interact with the MUA CC 
domain, (A) Results of yeast two-hybrid assays 
betwen bait fusions of the LexA DNA binding 
domain and prey fusions of the 842 activation 
domain containing either MLALI6 or HAWRKYL/2 
sequences as indicated. Blue, detected inter- 
actions; yellow, undetectable interactions; nud,, 
not determined, (B) Immunoblot analysis of GST 
and GST-HvWRKY 2,979 pull-down precipitates, 
GST or GST-HVWRKY2yo7.349 were incubated with 
HA epitope-tagged MLAL C56 before GST 
pull-downs. Ten il of the mixtures was subjected 
to immunoblot analysis with antiserum to HA as 
an input control. MLAL CC.24 Was detected by 
antiserum to HA, GST-WRKY2;07.339, and GST by 
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late upon HvIVRKYT single-cell silencing in the 
leat epidermis (/4), suggesting that HyWRKY 
and Hi WRKY?2 act as repressors of basal de- 
fense to virulent B. grantinis 

We testal this hypothesis through HvI/RKY2 
‘overexpression experiments during compatible 
interactions. Biolistic delivery of a HviVRKY2 
construct, driven by the strong. ubiquitin 
promoter, into single kaf epidermal cells resulted 
in supersusceptiility in different genetic back- 
grounds harboring MLAI-HA, MLAG-HA, oF 
Wild-type MLA/O (Fig. 3B; similar results were 
obiained with HvIYRKY/), Overexpression of 
SUSIBA2, « barley WRKY TF fimetioning in 
sugar signaling (5), did not alter the B. graminis 
infection type (Fig. 3B), indicating that sequence 
motifs other than the shared WRKY DNA bind- 
ing domain (/6) contribute 10 the HvWRKYI2- 
dependent supersusceptible phenotype, The 
‘contrasting infection phenotypes observed upon 
‘overexpression or gene silencing of HvWRKYI/2 
are consistent with their presumed roles as 
repressors of basal defense, HvWRKYT and 
HOWRKY2 expression was strongly (220 fokd), 
rapidly (within 3 hours), and transiently activated 
‘upon B. gruminis challenge in both compatible 
and ML.A-specificd incompatible interactions (ig. 
S3A) approximately 10 hours before differential 
infection phenotypes became microscopically 
visible, This, and the observation that a similarly 
strong and even faster HVWRKY/ and HvNWRKY2 
activation occurred upon treatment of aves with 
the bacterial flg22 PAMP (fig. S3B), support our 
hypothesis that both genes are components. of 
PAMP-triggered basal defense. 

Next we investigated the importance of the 
physical association between the invariant MLA 
CC domain and HWRKY1/2 during incom 
patible interactions. We reasoned that if MLA 
receptors function through interference with 
HWWRIY 12 represor activity in basal defense, 
then singk>cell overexpression of HVWRKYI2 
might block MLA function because of inappro- 
priate timing andor TF levels. Indeed, single-cell 
HvIWRKY2 oxerexpression filly compromised 
tested MLATAIA-, MLATO., and MLA 12-specitiod 
responses to B. grumtinis isolates express 
ng coymnate vr eectors (Fi. 3C: similar results 
ed with HvIRKY/). We previously 
MLA/2 singke-cell overexpression 
alters the resistance kinetics, but not specific 
so that the growth of a lager proportion of 
fungal germlings is terminated earlier in. com- 
parison to MLAI2 wildtype plants (6), To test 
whether overespression of the receptor can me 
gate the effect of overexpressed HvIVRAY2, we 
co-delivered HyWRKY? with MLATO or MLAI2. 
This stil compromised both MLA-specitfied 
immune responses (Fig. 3C), indicating that in 
wild-type plants HvI/RKY2 expression must be 
tightly controlled 10 ensure proper MLA fiane- 
tion. SUSIBA2 WRKY overexpression did not 
Interfere with tested MLA/-HA-triggered imrmu- 
again illustrating that only particular 
WRKY TFs can interfere with immune responses 


to B. graminis (Fig. 3C). HeWRKY? overexpres- 
sion alo failed 1 compromise MLG-riggered 
race-specific as well as mlo-mediated race- 
nonspecific resistance to B. graminis (Fig. 3C) 
(17, 18). This is consistent with previous results 
demonstrating scparate genetic pathways for 
race-specific and mlo-mediated resistance (9) 
and revealing the existence of at least one 
HVWRKY2 independent R gene- triggered im 
mune response to B. graminis, 
Effector-dependent association between MLA 
and HWRKY2. To dirccily test associations 
between the MLA receptor and HyWRKY2 
plants, we labeled the proteins with the yellow 
(YFP). or blue [cyan fluorescent protein 
(CFP)} shifted variants of the green fluorescent 
protcin (GFP), respectively. Upon biolistic 
delivery of the corresponding DNA plasmids 
ito epidermal cells, functional MLAO-YFP 
and functional CFP-/hWRKY2 fusion proteins 


colocalized in epidermal nucki (fig. $4, A and 
B: CFP-HsWRKY2 exclusively localizes to the 
nucleus in all experiments deseribed below), To 
lest protein associations in the presence of 
absence of the cognate AVR ajo pathogen effec 
tor (10), we monitored for Forster resonanc 
energy transfer (FRET) between the Muores- 
cence tags of MLALO-YFP and CFP-HWREY2, 
In this study, we adopted a quantitative non- 
imasive fluorescence naging (FLIM) 
approach t detect FRET (fig. $5), To cal- 
ieney (£) the lifetime of the 
donor in the presence of the acceptor (tpq) 
only needs to be compared with its lifetime in 

nce of the acceptor (tp: = | ~tpa/to- 
roach has the advantage that FRET 
and control measurements can be performed 
in different cells because fluorescence lifetimes 
are independent of the actual fluorophore 
concentration 
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Fig. 3. HYWRKYL2 TFs repress basal and interfere with AILA-triggered immune responses. (A) 8. 
graminis microcolony formation on barley leaves after BSMV-mediated HVWWRKYI or HYWRKY2 
silencing. BSMV empty vector (BSMV-EV) and BSHV-TaLr10as were used as controls. BSMV-Talr1035, 
harbors an antisense fragment of the 3° untranslated region of wheat TaLr10 that is of similar length to 
BSMMV-WRKY1as_ or BSMV-WRKY2as. Mean values of microcolony formation are based on the 
microscopic analysis of at least 600 interaction sites at 48 hours after inoculation with 8. graminis 


conidiospores of virulent isolate A6. Asterisk indicates significant difference at P< 0.05. 


Haustorium 


index in leaf epidermal cells after inoculation with B. graminis conidiospores of virulent isolates A6 or 
KL Empty DNA vectors (EV) or plasmids expressing HVWRKY2 or HVSUSIBA2 were biolistically 
codelivered with the GUS reporter into epidermal cells of the indicated genetic backgrounds. (C) 
Haustorium index in leaf epidermal cells after inoculation with B. graminis conidiospores of avirulent 
‘isolates A6 or K1. EVs or plasmids expressing the indicated transgenes were biolisically codelivered with 
the GUS reporter into epidermal cells of the indicated genetic backgrounds. 
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We measured the lifetimes of free CFP and 
CEP fusion proteins as a control. The average 
lifetime of free CFP was 253 = 0.02 ns (mean 

SEM, n = 8 nuclei) (fig. SOF). Unexpectedly, 
the average CEP lifetime in nuclei expressing 
the CFP-AvWRKY2 fision was reduced 10 
2.12 = 0.02 ns (n = 24; Fig. 4 and fig. SOF), 
indicating posible homo-FRET between the 
CEP tags of associated CFP-FhWREY? fusion 
proteins (20), In contrast, the average CFP 
lifetime of CFP-SUSIBA2 (2.47 = Q01 ns, 1 

5; fig. S6, C and F) was close to that of unfused 
CFP (2.53 + 0.02). To dircetly test for 
HWWRKY? dimerization, we generated a YFP- 
HvWRKY?2 construct and co-delivered it with 
CEP+HWRKY?2 into epidennal cells. A dra 
matic reduction of the average CFP lifetime to 
1.29 = 004 ns (1 = 7) was recorded in nuclei 
‘coexpressing the fusion proteins (lig. S6, A and 
F), To rule out the possibility that CFP lifetime 
reduction was duc to unspecific associations 
between the Muorescent tags, we coeNpESsEN as 
& control CFP-HWWWRKY2 and unfused YFP. 
Nuclei coexpressing these two proieins showed 
Prifetime of 2.03 = 0.01 msn 12 
o the average 


0.02 ns). Collectively, this provides strong in vivo 
evidence forhomomeric Ht WRKY2 associations, 
In the coexpression experiment 
‘sured lifetime was considered to be 
ly (P< 0,003) shorter when it was more than 3 
SD tower than the respective control values. 
For CFP-WRKY?. the threshold was calculated 
to be 1.92 ns. Thus, upon coexpression with 
potential interactors, lifetimes <1.92 ns can be 
attributed to FRET. For CFP-SUSIBA2, the 
calculated threshold was 239 ns. We measurcd 
the CFP lifetime upon coexpression of function- 
al CFP-FWWRKY2 and MLAIO-YFP (2.00 
0.03 ns, 'S6F) and found 
that it did not differ significantly (P< 0.01) from 
the average CFP lifetime of nuclei coexpressing 
CFP-HWRRY? and five YFP (2.03 = 0.01 ns). 
Thus, there is no evidence for constitutive as- 
sociations between the immune receptor and the 
TF, which is consistent with undetectable 
interactions between full-length MLA and 
JAWRKY'12 in the yeast two-hybrid experi 
ments (Fig. 2). However, cells subjected 10 
cotrans formation of CFP-HyWRKY2, MLAIO- 
YEP, and the B. graminis AVRayo effector, 
which is recognized by MLAIO, produced a 
broad CFP lifetime distribution not scen in any 
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Fig. 4. (A to D) HvWRKY2 and MLALO association is AVRaao-dependent. FLIM measurements in 
barley epidermal nuclei expressing the indicated protein(s) are shown. (Left column) CFP fluo- 
rescence lifetime image of the nucleus of a representative cell expressing the indicated protein(s). 
The average fluorescence lifetime obtained for each pixel is encoded by color as indicated by the 
scale in the middle right column. (Middle left column) CFP fluorescence decay curve measured for 
the pixel marked by the red arrowhead in the left column, The decay curve was approximated by a 
mono: or biexponential function as described in the supporting online material. (Middle right 


column) CFP fluorescence lifet 


distribution throughout the nucleus shown in the lifetime image. 


(Right column) Histogram of mean CFP fluorescence lifetimes obtained for all measured nuclei 
‘expressing the indicated protein(s). Bar heights represent the number of nuclei whose mean 


lifetime falls within the indicated 0.1-ns range. 
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other tested combinations, ranging from 1,32 to 
2.17 ns (Fig. 4C and fig. S6F), Ten out of 27 
37%) CFP lifetime measurements yielded lil 
times that were significantly shorter than that of 
the CFP-HsWRKY2 control (Fig. 4), indicat- 
ing AVRaygstimulated associations between 
MLAMO and /WRKY2, That a portion of the 
measured CFP lifetimes does not differ from 
the control measurements could indicate that 
the stoichiometry between the three proteins and 
Putative auxiliary factors is critical and/or that 
the association between receplorand WRKY TF 
is only transient by nature, 

When we coexpressed CFP-HvWRKY2, 
MLAIO-YEP, and the B. gruminis effector 
AVR«t [an AVRaro homolog recognized by 
the MLK R protein (/0)), the average CEP 
liletime (2.06 = 0.03 ns, n= 14) did not differ 
significantly from the lifetime fourxd in nuclei 
coexpressing CFP-HAWRKY2 and MLAIO- 
YFP (Fig, 4D and fig, SOF), Furthermore, re- 
placement of CFP-HWRKY2 by CFP-SUSIBA2 
in combinations with MLA10-YFP and AVR aio 
e€ AVR, fale 10 generate a pronounced broad 
ning of the CFP lifetime distribution [tif 
were 242 © 0.03 ns (n= 11) and 243 = 0.02 ns 
(= 11) respectively: fig, $6, Dto F), Together, 
this corroborates the ability of MLA. immune 
receptors to interact with particular WRKY 
family members in the nucleus and supports 
the notion of an AVRaydependnt physical 
association between MLATO and A4WRKY2. 

The FLIM-FRET data were substant 
the conventional acceptor ph 
method (APB-FRET). To estimate the extent of 
FRET, the donor fluorescence intensity is 
measured before and alter the acceptor chromo- 
pphore is bleached. Donor fluorescence intensity 
increases in those cases where FRET has 0¢ 
curred before bleaching, Such an increase in CFP 
imtensity was observed only in nuclei coex- 
pressing CEP-HhWRKY2, MLALO-YFP, and 
AVR ajo fig. $7) but notin nuclei coexpressing 
CFP-H\WRKY2 and YEP, or CEP-HVWRKY?2, 
MLALO-YEP. and AVR (lig. S7). This inde- 
pendently confims the AVR 4 ordependent phys- 
ical association between MLAIO and vWRKY2 
in nocki 

AIWRKY18/40 repressor functions. WRKY 
‘TFs belong to lange gene families in Arabidopsis 
and in rice (2/, 22) Arabidopsis AIWRKYIS, 
AWRKY4O, and AWRKYOO (At, Arahidopsis 
thaliana) and tice OsWRKY28 and OSWRKY71 
(Os, Onza sativa) show the highest sequenc 
relatedness to HoWRKY! and HoIRKY? (lig 
$2) The deduced proteins form a distinct sub- 
group of group Il WRKYs containing a leucine 
Zipper (LZ) domain thought 10 be involved in 
hhomo- andlor heterocomplex formation (23, 24). 
AUVRKYIS, AMRKYAO, and ADVRKYGO bi 
been recently implicated in repressing basal 
defense to virulent hemibiotrophic Pseudomonas 
ssringae (24). We tested mutant lines of these 
Arabidopsis WRKY family members by inoc- 
ulation with the virulent powdery mildew 
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Golovinomyces. orontii (24) (and our collec- 
tions). Although single Anwrky 18, Aowrky40, or 
Anvrky60 mutant plants and Anwrky 18/60 oF 
Anwrky40/60 double mutants retained CoO 
Wwild-type-like susce the Anerky 1840 
and Atwrky 18/40/60 triple mutant lines were 
almost filly resistant (Fig. 3, A and B), This 
reveals redundant AWRKYIS and sWRKY40 
activities and points to a conserved repressor 
function of the dicot and monocot homologs in 
basal defense. 

Although Anvrky/840 double mutants do 
not constitutively express. defense-associated 
genes (24), genome-wide gene expression pro- 
filing experiments upon inoculation with viru- 
lent P. syringae DC3000 revealed that a subset 
‘of 23 zones accumulates earlier and is 3.5-fold 
‘or more up-regukated in the dnerky 18/40 double 
mutant but not in Arwrkv/8 or Arwrhy:40 single 
mutants (able $1), This subset contains 21 
PAMP-responsive genes, including the 6-fold 
up-regulated S7D2, which encodes. isochoris- 
imate synthase 1, required for salicylic acid bio- 
thesis, and is a major contributor to basal 
defense against G, orontit (25, 26). Thus, nue 
tants lacking the AAVRKYI8/40 repressors 
ret imulus-dependent 
defense-gene expression and the response ap- 
pears to be exaggerated. These findings imply 
the existence of an A/WRKY 18/40-dependent 
feedback repression system as an it 


Conclusions. Few host 
idemified that directly inte 
cellular NB-LRR proteins and participate in 
receptor function, subset of these, including 
eytosolic Hsp 90, determines R protein steady- 


B30 tat? a? 


i eH oe {ne 


Col-0 wrky18/40 


5. Atwrky18/40 double mutant plants are 
resistant to G. oronti. (A) Infection phenotypes 
‘of Arabidopsis plants 10 days after inoculation 
with virulent G. orontil. Plant genotypes are 
indicated. (B) Macroscopic leaf infection pheno 
type of a representative Col-O and Atwrky18/40 
plant shown in (A). 


state level, posibly by regubted folding of 
monomeric R-protcins and or preactivated R 
protein-containing complexes (27). Arabidopsis 
RIN4 interacts with the NB-LRR type R 
proteins RPMI and RPS2, foaming a preactiva- 
tion receptor complex at the plasma membrane 
that pemnits indirect recognition of the cognate 
P. syringae effectors AvrRpmal and AvrRpe, 
ly (28, 29), Whether AVRqip is 
igcctly oF indincetly revognized by the 
phsmic andlor nuclsar MLAIO pool remains 
unknown. However, unrestricted growth of 
AWRayrexpressing B. graminis after cocxpres- 
sion of MLAIO and HvlRKY2 (Fig. 3C) is 
Uiffcult 10 reconcile with a scenario in. which 
the TF serves asthe effector target that indircetly 
activates the receptor. We could not detect 
association of the functional, Muorochrome- 
tagged MLAIO and HyWRKY2 by FRET 
FLIM in the absence of AVR quo. This suggests 
that the specific, AVRayestimulated nucar 
association between rweeplor and TF is a 
postrecognition event invoh 
MLA. Altered intramolecular imeractions in 
the NB-LRR R protcins Rx and Bs? probably 
accompany their effeciorsdependent activation 
(30, 31), Because MLA ree0 
is determined by the sequen 
oT 
modulations of the MLA LRR-CT may sim 
molecular interaction changes, 


CC domain with J WRKY 172, 
Our data suggest that the transcriptional 
machinery of PAMP-riggcred basal defense is 
a direct target of MLA, thereby providing a fink 
between PRR- and R protein triggered inimu 
nity, Although transcriptional reprogramming 
the host during incompatible versus compatible 
teractions differs only quantitatively and kinet 
ally (3), it i difficult to determine whether the 
typically weaker andior less sustained defens 
related gene expression during compatible 
Weractions is the consequence of effector 
mediated defense suppression or is an intrinsic 
feature of PAMP-triggered basal defense. The 
retained pathogen-dependent but exaggerated 
activation of a subset of defense-related genes 
in Arabidopsis AnwrkyI8 wrky40) double mu: 
tants is consistent with the existence of at least 
fone negative fealback system operating 
PAMP-madiated basal defense. Because en- 
hanced defense against virulent G. oranti 
Anvrky 18/40 plants was accompanied by exten- 
sive leaf cell death (Fig. 5), AAWRKY1840- 
dependent represion might restrict the output of 
PAMP2triggered basal defense below a detri- 
mental threshok! and, at the same time, function 
as a hair trigger of the primad immune system 
for R-protcin-dependent defense potentiation 
driving host cells into suicide. Given th 
ADWRKYIS40 ace functionally homologous 10 
HoIRKYI/2, itis weasonable to hypothesize that 
the observed genetic interference (Fig. 3C) and 
physical association (Figs. 2 and 4) between 


MLA and A\WRKY1/2 during incompatible 
interactions with B. graminis result in_de- 
repression of PAMP4riggered basal defense 
(fig. S8). This regulatory logic of MLA funetion 
could exphin why, after biolistic detivery of 
AVRqyo who host epidermal cells of MLA10 
genotypes (that is, in the absence of PAMPS), 
most cells romain alive (/0), Direct targeting of 
PAMPactivated H\WRKYU2 repressors. by 
MLA receptors alo implies a short signaling 


mune systems are 
ht to have evolved independently. from 
cach other (32), Accondingly, biochemical con- 
siraints might have contributed to the engage- 
ment of structurally related components, for 
immune functions in both phyla, ineluding the 
CATERPILLER superfamily, which encom 
passes plant NB-LRR R and mammalian NOD 
proteins (33, 34), CATERPILLER proteins have 
either demonstrated or anticipated roles as 
‘bial component sensors to control immune 
ry responses. In this context, 
of HAWRKY 1/2 repressors by 
MLA R proteins in the nucleus is emi 
the nuckar CATERPILLER CITA function, 
which acts through direct association with DNA 
binding proteins to regulate the expression of all 
major histocompatibility complex class I 
ther genes important in-antigen presentation 
G4, Domain fusion events between a WREY 
and NB-LRR domain in wo Arabidopsis 
proteins, including the RRSI-R Rprotei 
to: Ralstonia solanacearum infection (33), sug. 
{gest similar transcription machinery-associated 
functions of plant immune roeeptors, 
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The Triple-Ring Nebula Around 
SN 1987A: Fingerprint of a 


Binary Merger 


‘Thomas Morris*® and Philipp Podsiadlowski’ 


Supemova 1987A, the first naked-eye supernova observed since Kepler's supernova in 1604, 


defies a number of theoretical expectations. Its anomalies have long been at 


buted to a merger 


between two massive stars that occurred some 20,000 years before the explosion, but so far 
there has been no conclusive proof that this merger took place. Here, we present three-dimensional 
hydrodynamical simulations of the mass ejection associated with such a merger and the subsequent 
‘evolution of the ejecta, and we show that this accurately reproduces the properties of the 


triple-ring nebula surrounding the supernova. 


upernova 1987, in the Large May 

cents of the 1980s, but it was highly un- 
usual, The progenitor star, Sk -69°202, was one 
‘of the surprises, Massive stars similar to the pro 
genitor of SN 1987 are expected to end their 
evolution as red supensiants, but Sk -69°202 
was a blue supergiant. Moreover, the outer layers 
of the star were highly enriched in helium (/), 
some nuckar processed 
xed into the 
ning process (2), 
Was surrounded 


terial from the core 
envelope by a nonstand 
Most notably, the supemov 


by a complex triple-ring nebula (3. 4) consist- 
ing of materi gjected from the 
progenitor some 20,000 years belore the ex- 


plosion in an almost axi-symmetric but very 
nonspherical manner. Togeth 


indicates that a dramatic ev 
progenitor some 20,000 years before the ex 
plosion, most likely the merger of two massive 


‘A merger was first suggested to explain some 
of the asymmetries of the supemova ejecta (6). 
Later it was realized that a binary menger would 
also explain the blue progenitor and its main 
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7-9). This hypothesis has 
since been confirmed by detailed stellar, hydro- 
dynamical simulations of the slow merger of 


Fig. 1. Schematic dia- 
gram showing the for- 
imation ofthe tripe-rin 
nebula. The system 
tially consisted of a 
nary with two stars of = B 
~15 and ~5 Me with an 
cotbital period longer than 
~10 years. Mass transfer 
dynamically unstable, 
leading to the merger of 
the two components in 
(Wa common envelope 
and (B) the pin-up ofthe D 
envelope. MS, main- 
sequence companion; 
CO, carbon-onygen core. 
(© The release of orbital, 
energy due to the spiral 
in of the companion 
leads to the partial ejec 
tion ofthe envelope. (D) 
After the merging has 
been completed, the 
merged object evolves 
to become a blue super- 


SQ 


spin up of common envelope 
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two massive stars (/), However, the origin of 
the triple-ring nebula has so far not found a 
satistictory explanatio 

The tripe-ring nebula consists of three overs 
lapping rings in projection. The supemova oc 
curred at the center of the inner ring, and the 
‘outer rings are in planes almost parallel to the 
central ring plane but displaced by 0.4 pe above 
and below the central ring plane, Notably, these 
‘outer rings do not form the limb-brightened pro 
jection of an hourglass nebula, as in some of the 
carly models for the nebula (21-13), but form 
instead dense, ringlike dk 
(4), Previous attempts to mode! the nebuks have 
involved interacting winds in a binary (14, 15), 
Photoionization-driven instability (16), 1 
jection during a binary menger U7) 
ically controlled ejection (/8), but 1 
has been able to fully explain both the detaited 
geometry and the kinematical properties of the 
rncbuta 


unstable mass transfer 


partial envelope ejection 


‘equatorial 
— 
‘mass shedding 


red-blue transition and 
sweep-up of ejecta by 
blue-supergiant wind 


Giant, shedding its excess angular momentum in an equatorial outflow. inthe final blue-supergiant 
phase, the energetic wind from the blue supergiant sweeps up all ofthe previous structures, producing 


the triple-ring nebula. 


1103 


The axisymmetric but very nonspherical 


structure immed rests that rotation 
may have played a role in the formation. How 
ever, simple angular-momentum conservation 

rents show that any single star that is ro 


rapidly in its early evohution could re 

slowly only after it has expanded by a factor of 
100 

hand 


jant dimensions. On the other 


red-super 


8 binary merger provides a simple and 


momentum into spin angular 


producing a single, rapidly rotating supe 
A typical bi 
1987 (9) assumes that the system initially ¢ 


Fig. 2. Three-dimensional hydrodynamical (SPH) 
simulations to model the various phases shown in 
Fig. 1. (A) Cross-section of the rapidly rotating 
red-supergiant envelope, containing 2 x 10° SPH 
particles, following the spin-up in the initial 
common-envelope phase (Fig. 18) after a total 
amount of orbital angular momentum of L = 8 x 
10% erg s has been deposited in the envelope. In 
these units, the red supergiant had an initial 
radius of 1. (B) Image of particles in the merid 
‘onal plane approximately 3 years after the orbital 
energy has been injected in the central part of the 
common envelope (Fig. 10), showing the forma: 
tion of the enhancement at midt-latitudes. Red 
particles are unbound. (C) The mass enhancement 
in the ejecta plotted as a function of time (con: 
tours) and distance from the center of mass, as a 
function of latitude. The horizontal axis shows the 
equatorial plane where no mass is ejected, and 
the color scale beneath the plot shows the in- 
crease of ejected mass over the value expected in 
spherical symmetry. The contours show the mean 
radius ofthe ejected material atthe time shown, in 
units of 0.8 years (22). The axes are inthe same unit 
system as those of (A) and (B). (D) The final particle 
distribution (10° particles) plotted in the meridional 
plane at an age of 20,000 years. The density and 
‘mean velocity of the material inthe equatorial ring is 

2 x 10 cm” and 10.3 km 5, respectively. The 
density and mean velocity of the material in the 
cuter rings fs 10° cm? and 31 km respectively. 
Wind particles are shown in black and the nebula 
particles are shown in dark blue through pale green 
based on a logarithmic density scale as indicated. 
The axes are in units of 3 x 10 cm. (E) Simulated 
emission measure at ~2000 days after the 
supernova in the 656-nm Ha tine for our best 
model. The total flux from the outer rings is 4 x 
10° photons 5, comparable to the observed 
flux (4). LY, light year; 0, the inclination of the 
symmetry axis with respect to the observers vy 
the direction of the velocity kick measured in the 
equatorial plane. The star indicates the location 
of the supernova. Simulations are available on- 
line (movies $1 and 2) 
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ponent started to trans 
only after it had completed helium bur 
cone. Bee 
fer was unstable, k 


engulfed within the primary 


(Fig. t 


common envelope, spin 


polar axis 2/1500R, 


polar axis Z/parsec 


5 solar masses (Mo) in a fairly wide orbit 
with an orbital period 


these pe 


Mass 10 its co 


which the secondary 


)- In this phase, most of the 


of the binary was deposit 


rocess. The fiction w 


A 


polaraxis Z/1500R 


masses of 


10 years. 
ns 
g in the 
x¢ mass ratio, Mass trans 


‘ommon envelope 

star was 
at's envelope 
ital angular 
in the 
x envelope up in 


15 caused the secondary star’ orbit to decay (ie 
spiral in) inside 
the density 


orbital en 


process accelerated until en 
ad been rel 
to affect the envelope dynamically 
scale of this enen 


that the enen 


essentially. impulsive 
expansion 


occurred in a self-re 


‘equatorial plane X/1500R, 


° 


4> 


10 


wwe 
10-5 0 


‘equatorial plane X/1500R, 


‘equatorial plane X/parsec 
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polar axis Z/1500R 


‘equatorial plane X/1500R 
Seeecseesessees 
M(O)/M spherical 


‘common envelope, Because 
the spiral-in 


sed and deposited in the envelope 
The time 
ejection is comparable to the 
dynamical time scale of the envelope, meaning 
Injection into the envelope was 
this led to a dynamical 
the envelope and substantial mass 
jection, Afler the envelope expanded, the spiral 
in of the secondary star slowed down and 


ulated manner, in which 


all ofthe orbital energy released was transported 
10 the surface, where it was radiated away. 
Ultimately, the secondary star inside the enve~ 
lope memged with the core, and in doing so 
dredged up core material from the primary star 
core (10), The whole menger process is expected 
to have taken a few hundred years. Afterward, 
the star was intially an oversized red supergiant, 
‘but it shrank over the course of a few thousand 
_years-—the time scale on which the envelope lost 
its excess thermal enengy—and became a blue 
‘supengiant, In this phase, the fast, enensetic wind 
from the blue supengiant swept up the ejecta 
associated with the merger and shaped the whole 
nebula. 

‘To simulate the mats ejection during the merg- 
cer and the subsequent evolution of the ejecta 
2), we used GADGET (19), a three- 
ional, particle-based hydrodynamics 
ade that uses the smooth-particle hy drody nam 
-s (SPH) method We split the simulations into 
{Wo parts. First, we simulated the mass ejection 
associated with the merger, and then we took 
the output from this model to start a second 
calculation to simulate the subsequent evolution 
fof the ejecta as they are being swept up by the 
bbluc-supergiant wind. 

We modeled the red supergiant as a poly- 
trope with a central point source OF 8 Mo, rep 
resenting the compact core of the star and the 

imersed companion, and an envelope mass of 
12. Mos the initial radius of the star was taken 10 
be 1500 Ro, We then mimicked the initial spin- 
Up phase by adding angular momentum to the 
envelope over a period of ~6 years until all of the 
angular momentum from the initial binary was 
deposited in the envelope (20). Because of this 
spin-up, the envelope became highly non- 
spherical and took on a disklike shape (Fig. 
2A). Most of the orbital enengy was injected 
npulsively when the orbital energy released was 
‘comparable tothe binding energy of the envelope 
(2). This produced an inner region of over 
‘pressure that started to expand and drive a shock. 
inthe overlying layers, ejecting some of the outer 
layers in the process. Because of the highly 
Mattened envelope structure, mass ejection was 
easiest in the polar direction and occurred there 
first. Whether mass was ejected in the equatorial 
icction depended on the amount of eneny 
ected. IF it was fess than about one-third the 
binding energy of the envelope, the lange mass 
concentration in the equatorial plane inhibited 
‘equatorial mass ejection (20): particles that tried 
to escape in the equatorial direction were de- 
fected by the lange equatorial mass concen- 
tration toward higher latitudes (Fig. 2C) This 
produced a large density enhancement in the 
gjecta at roughly 45°. Indeed, it is the over 
density at mid-latitude that would ultimately 
‘be swept up to form the outer rings in the SN 
1987 nebula. 

{In our best model, no matter was ejected in 
the equatorial direction. However, because the 
merged object has much more angular momen- 


‘tum than a more compact blue supergiant could 
Ihave, the menged object has to lose this excess 
angular momentum, most likely in the form of a 
slow equatorial outflow (22), as it shrinks to be- 
come a blue supergiant. We estimated that, for 
typical parameters, most likely several solar 
masses would need to be lost in this transition 
phase (27). Once the merged object has become 
a blue supergiant, its energetic bhic-supengiant 
Wind will stat to sweep up all the structures 
gjectad previously. 

‘To model the blue-supengiant phase, we 
started a sccond SPH calculation in which we 
‘only simulated the ejecta. For the initial mod! 
Of this calculation, we took the output from the 
first simulation once the ejecta expanded frely. 
‘This gives the mass and the velocity of the ejecta 
as a function of latitude. We then ballistically 
extrapolated the evolution of the ejecta for 4000 
‘years, the assumed time of the red-blue transi- 
tion. We modeled the equatorial mass shedding 
by including an equatorial outflow, lasting for 
2000 years (2/). We then introduced a spheri- 
cally symmetric blue-supersiant wind (with a 
masc-oss rate of M = 2 10-7 Mp year" and 
Wind velocity Y= 500 kms") and observed the 
subsequent evolution. 

In a typical simulation, after ~20,000 years 
(Fig 2D), the density enhancement at mid- 
latitude had been swept up intotwo well-defined 
rings, which together with the sweptup equato- 
rial outflow produced the main features of the 
triple-ring nebula when observed at an inclina- 
tion of ~45° (Fig. 2E). The Hubble Space 
‘Telescope image (4) of the nebula shows that 
the symmetry center of the outer rings is slightly 
displaced from the symmetry axis of the central 
ring. This asymmetry can be easily explained if 
the ejecta associated with the merger are given a 
small velocity kick of 2 km 5" ina ditection to 
the northwest of the nebula, at an angke of 11° 
‘out of the equatorial ring plane. This was donc to 
produce the mode! shown in Fig. 2E, which 
almost perfectly reproduces not only the main 
features of the triple-ring nebula but also the 
sinall asymmetries of the outer rings (such as 
their deviations from perfect ellipses and their 
displacement from the central symmetry axis). 
To generate this emission model (2/), we 
assumed that the nebula was fully ionized by 
the supemova explosion and that the emission 
was optically thin, This best model also 
reproduces the kinematics of both the inner ring 
(23) and the outer rings (4). In this particular 
model, the inner ring contains 0.4 Mo of mass, 
Whereas the outer rings contain a total of 0.02 
Mg cach. 

‘The physical origin of this small kick is not 
entirely clear. It could be associated with a 
nonradial pubsational mode excited during the 
carly spiralin phase: ahematively, it could be 
due to the orbital motion caused by a more dis- 
tant low-mass thied star in the system. 

In addition to the three rings. the mode! pre- 
dicts several other structures. The outer rings 
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fom the ends of two bipolar lobes that, com- 
bined with the bow-shock structure around the 
inner ring, are reminiscent of an hourglass 
nebula (Fig. 2D). This structure is presumably 
the origin of the hourglass structure that has been 
inferred from light-ccho studies (24). Further 
light echoes have also been detected from be- 
yond the tripleing structure (25); these were 
most likely formed during the carlicr red- 
supengiant phase of the primary star before the 
‘merger or in the phase immediately preceding the 
‘merger, where accretion on the companion may 
produce a bipolar outilow (26), These phases 
‘were not included in our simulations. 

‘The hydrodynamical model we present here 
Provides an excellent fit to the observed tripkering 
rncbula around SN 1987A, Notably, this: model 
does not require any physically ad hoc assump- 
tions, and all ofthe input parameters are compatible 
‘with the values expected fiom simple modeling of 
the various phases of the menger (apart from the 
‘Physical origin ofthe small kick given to the ejecta, 
‘which is presently not explained). 

‘The model also makes several predictions, 
specifically about the mass in the different rings 
and other structures, These may ultimately be- 
come visible when the supemova ejecta begin 
destroying the nebula or when the emergent x- 
ray flux resulting from the supemovasting 
imeraction re-ionizes the nebula, In our favored 
model, the outer rings are ejected before the core 
‘material is dredged up, whereas the inner ring is 
jected afterward. This distinction suggests 
some chemical differences between the inner 
fing and the outer rings-—namely, that the inner 
fing should show a langer helium enhancement 
and more evidence for CNO processing than the 
outer rings. This may already have been ob- 
served (27) but needs to be confirmed in a more 
detailed comparative study. 
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Decagonal and Quasi-Crystalline 
Tilings in Medieval Islamic Architecture 


Peter J. Lu™* and Paul J. Steinhardt? 


The conventional view holds that girih (geometric star-and-polygon, or strapwork) patterns in 
medieval Islamic architecture were conceived by their designers as a network of zigzagging lines, 
where the lines were drafted directly with a straightedge and a compass. We show that by 1200 
GE. a conceptual breakthrough occurred in which girih patterns were reconceived as tessellations 
‘of a special set of equilateral polygons (“girih tiles”) decorated with lines. These tiles enabled 
the creation of increasingly complex periodic girih patterns, and by the 15th century, the 
tessellation approach was combined with self-similar transformations to construct nearly perfect 
‘quasi-crystaline Penrose patterns, five centuries before their discovery in the West. 


h patterns constitute a wide-ranging 
‘decorative idiom throughout Islamic 
fart and architecture (6). Previous 

studies of medieval Islamie documents. de- 

scribing. applications of mathematics i 

cchitecture suggest that these girih patterns 

were constructed by drafting directly a. net- 

Work of zigzagging lines (sometimes called 

strapwork) with the use of a compass anid 

straightedge (3, 7). The visual impact of these 
sirih pattems is typically enhanced by rota 


tional symmetry. However, periodic pattems 
created by the repetition of a single “unit cell” 
motif can have only a limited set of rotational 


nmviries, which western mathematicians first 
‘proved rigorously in the 19th century C.F Only 
two-fold, three-fold, four-fold, and six-fold 
rotational symmetries are allowed. In particular, 
five-fold and 10-fok! symmetries are expressly 
forbidden (8). Thus, although pentagonal and 
decagonal motifs appear frequently in Iskunic 
architectural tilings, they typically alom a unit 
cell repeated ina pattem with erystallographical- 
ly allowed symmetry (3-6). 

Although simple periodic girih pattems in- 
corporating decagonal motifs can be constructed 
using a “dirvct strapwork method” with a 

jghtedge and a compass (as illustrated in 
Fig. 1, A to D), far more complex decagonal 
patterns also occur in medieval Islamic archi- 
tecture, These complex patterns can have unit 
cells containing hundreds of decagons and may 
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repeat the same decagonal motifs on several 
length scales, Individually placing and drafting 
hundreds of such decagons with straightedge 
and compass would have been both exceedingly 
‘cumbersome and likely to accumulate geometric 
distortions, which are not observed. 

On the basis of our examination of a lange 
number of girth pattems decorating medieval 
Islamic buildings, architectural scrolls, and other 
forms of medieval Islamic an, we suggest that 
by 1200 CE. there was an important break- 
through in Islamic mathematics and design: the 
discovery of an entirely new way to conceptual- 
ize and construct girih line pattems as decorated 
tessellations using a set of five tle types, which 
wwe call “giih tiles.” Each gir tile is decorated 
With lines and is sufficiently simple to be drawn 
using only mathematical tools documented in 
medieval Islamic sources. By laying the tik 
edgc-to-cdge, the decorating lines connect 10 
form a continuous network across the ent 
tiling. We further show how the girih-tile 
approach opened the path to ereating new types 
of extraondinarily complex pattems, including a 
nearly perfect quasi-<rystalline Penrose pattem 
‘on the Darb-i Imam shrine (Isfahan, tran, 14 
CE), whose underlying mathematics were not 
understood for another five centurics in the West. 

AS an illustration of the two approaches, 
‘consider the pattem in Fig. 1E from the shrine of 
Khwaja Abdullah Ansari at Gazargah in Herat, 
Afghanistan (1425 to 1429 C.E.)(3, 9), based on 
@ periodic array of unit cells containing a 
common decagonal motif in medieval Islamic 
architecture. the 10/3 star shown in Fig. 1A (se 
fig. SI for additional examples) (/. 3-5. 10) 
Using techniques documented by medieval 
Islamic mathematicians (3, 7), cach motif can 


be drawn using the direct strapwork method 
(Fig. 1, A to D). However, an alternative 
geometric construction an generate the same 
paticm (Fig. IE, right). At the intersections 
between all pairs of line segments not within a 
10/3 star bisecting the larger 108° angle yields 
Tine segments (dotted red inthe figure) that, when 
extended until they intersect, form three distinct 
polygons: the decagon decorated with a 10/3 star 
fine pattem, an elongated hexagon decorated 
‘with a hat-shaped ine pattern, and a bowtie 
dcconted by two oppesite-facing quadrilateral, 
Applying the same procedure to a ~1Sth- 
century pattem from the Great Mosque of 
Nayriz, Iran (fig. $2) (17) yields two additional 
polygons, a pentagon with a pentagonal star 
patie, and a rhombus with a bowtie line 
pattem, These five polygons (Fig. IF), which 
‘we term “iri tiles.” were used to construct a 
‘wide range of pattems with decagonal motifs 
(fig. $3) (12). The outlines of the five wri tile 
‘were also drawn in ink by medieval Islamic 
architcets in scrolls drafted to transmit architec= 
tural practices. such as a 1Sth-century Timurid- 
‘Turkmen scroll now held by the Topkapi Palace 
Muscum in Istanbul (Fig, 1G and fig. $4) (2, 13), 
Hoviding direct historical documentation of 
their use, 

‘The five gir tiles in Fig. IF share several 
geometric features. Every edge of each polygon 
has the same length, and two decorating 
intersect the midpoint of every eg 
JO8® angles. This ensures that when the edges of 
two tiles are aligned in a tessellation, decorating 
Fines will continue aeross the common bourary 
without changing direction (14), Because both 
line intersections and tiles only contain angles 
that are multiples of 36°, all Hine segments in the 
final gir strapwork pattem formed by girih-tike 
decorating lines will be parallel to the sides 0 
the regular pentagon; decagonal geometry is 
thus enforced in a girih pattem formed by the 
tessellation of any combination of girih tiles. 
The tike decorations have different internal ro- 
tational symmetries: the decagon, 10-fold sym 
‘metry: the pentagon, five-fold: and the hexagon, 
bowtie, and rhombus, two-fold. 

‘Tessellating these girih tiles provides several 
practical advantages over the direct strapwork 
method, allowing simpler, faster, and! more a= 
curate execution by artisans unfamiliar with 
ir mathematical properties. A few fullsize 
siti tiles could serve as templates to help po- 
sition decorating lines on a building surface, 
allowing rapid, exact pattem generation, More- 


23 FEBRUARY 2007 VOL315 SCIENCE wwwsciencemag.org 


over, girh tiles minimize the accumulation of 
angular distortions expected in the manual drafi- 
ing of individual 1073 stars, with concomitant 
‘errors in sizing, position, and orientation. 

Girih tiles further enable the construction of 
periodic decagonal-motif pattems that do not 
‘arise naturally from the direct strapwork method. 
‘One class of such pattems repeats pentagonal 
motifs but entirely locks the 10°3 stars that 
‘establish the initial decagonal angles needed for 
dincet drafting with stra 
Patterns of this type appx 
Seljuk buildings, such ay the Mama Hatun 
‘an, Turkey (1200 CE. 
2A) (5, 15, 16), and can be ereated easily 
by tessellating bowtie and hexagon girih tikes t0 
create perfect pentagonal motifs, even in the 
absence ofa decagon sar (i. lacking decagon 
stiri tiles; see fig. SS), Even more compelling 
‘evidence for the use of girh tks oeeurs on the 
Walls of the Gunbad-i Kabud in Maragha, Tran 


(1197 GE) (11, 17, 18), where seven of eight 
«exterior wall panels on the octagonal tomb tower 
are filled with a tiling of docagons, hexagons, 
bowties, and rhombuses (Fig. 2, B and ©), 
Within each wall panel, the decagonal pattem 
does not repeat; rather, the unit cell of this 
periodic tiling spans the length of two complete 
panels (fig So). The main decorative raised 
brick pattem follows the girih-tile decorating 


lines of Fig. IF. However, a second set of 


smaller decorative lines conforms to the intemal 
rotational symmetry of each individual gir tile 
without adbering to pentagonal angles (Fig. 2, C 
and D): Within cach region occupied by a 
hexagon, bowtie, or rhombus, the smaller fine 
decoration has a two-fold, not five-fold, rotation- 
al symmetry, and therefore could not have been 
xenerated using the direct strapwork method. By 
‘contrast, constructing both pattems is straight- 
forward with gir thks, Two sets of line dec- 
oration were applied to cach ginh tile: the 


k wPt 


SOP 


7 


«SE: 


V7 


= 


Ss 


Fig. 1. Direct strapwork and girih-tle construction of 10/3 decagonal patterns. (A to D) Generation 
‘of a common 10/3 star pattern by the direct strapwork method. (A) A circle is divided equally into 10, 
‘and every third vertex is connected by a straight line to create the 10/3 star that (B) is centered in a 
rectangle whose width is the circle’s diameter. In each step, new lines drafted are indicated in blue, 


lines to be deleted are in red, and purple construction lines not in the final patter are 


dashed 


purple. (E) Periodic pattern at the Timurid shrine of Khwaja Abdullah Ansari at Gazargah in Herat, 
Afghanistan (1425 to 1429 CE), where the unit cell pattern (D) is indicated by the yellow rectangle. 
The same pattern can be obtained by tessellating girih tiles (overlaid at right). (F) The complete set 
of giri tiles: decagon, pentagon, hexagon, bowtie, and rhombus. (G) Ink outlines for these five grih 
tiles appear in panel 28 of the Topkapi scroll, where we have colored one of each girih tle according 


to the color scheme in (F). 
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standard line decoration of Fig. 1F,and a second, 
‘nonpentagonal set of motifs with an overall two- 
fold symmetry (Fig. 2, C and D). The girih tikes 
‘were then tessellated, with the regular ine pattem 
expressed in lange raised brick on the tower and 
the second set of fines expressed in smaller 
bricks, The dual-layer nature of Fine pattems on 
the Maragha tower thus adds strong evidence that 
the pattem was generated by tesse 


Perhaps the innovation arising 
fiom the application of gi was the use of 
self-similarity transformation (the subdivision of 
lange girih tiles into smaller ones) to create over- 
lapping pattems at two different length scales, 
which each pattem is generated by the 
sinh tileshapes. Examples of subdivision can be 
found in the Topkapi scroll (cx, Fig. 1G: soe 
also fig. S4A) and on the Friday Mosque (/7) 
and Dart-i Imam shrine (1453 CE,)(2, % 19) in 
Isfahan, Iran. A spandtel from the Darts fain 
shrine is shown in Fig, 3A. The large, thick, 
black fine pattem consisting of a handful of 
docagons and bovwties (Fig. 3C) is subdivided 
into the smaller pattem, which can also be 
perfectly generated by a texsellation of 231 
sirih tiles (Fig. 38; line decoration of Fig, 
filled in with solid color here), We have 
‘demtfied the subdivision rule used to generate 
the Darbsi Imam spandret pattem (Fig, 3, D 
and E), which was also used on other patterns 
‘on the Darbsi Imam shrine and Isfahan Frid 
Mosque (fig. $7). 

‘A suibslivision rule, combined with decago- 
nal symmetry, is sulficient to construct perfect 
quasicrystaline tilings patterns with infinite 
perfect quasi-periodic translational order and 
cexystallographically forbidden rotational. sy 
metrics, such as pentagonal or decagonal 
‘which mathematicians and physicists have come 
to understand only in the past 30 years ( 
Quasi-periodic onder me: 
shapes repeat with frequencies that are in 
ensure; that is, the ratio of the frequen 
cannot be expressed as a ratio of integers. By 
having quasi-periodicity rather than periodicity, 
the symmetry constraints of conventional cr 
tallography can be violated, and itis possible to 
have pentagonal motifs that join tog 
patie with overall pentagonal and dec 
symmetry (27). 

‘The most famous example of 
crystalline tiling is the Penrose tl 
two-tile tessellation with long-range qua 
periodic translational order and five-fold 
symmetry. The Penrose tiles can have vario 
shapes. A convenient choice for comparison 
‘with medieval Istamic architectural decoration is 
the kite and dart shown on the left side of Fig. 4, 
Aand B. As originally conceived by Penrose 
the 1970s, the tilings can be constructed either 
bby “matching rules” or by self-similar subdivie 
sions. For the matching rules, the kite and dart 
can each be decorated with red and blue stripes 

Fig. 4, A and B): when tiles are placed so that 
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the stripes continue uninterrupted, the only pos: 
sible close-packed arrangement is a five-fold 
symmetric quasi-crystalline pattem in which the 
kites 


id darts repeat with frequencies whose 
ratio is irration the golden ratio t = 
(1 + y3)2 = LOIS. We see no evidence that 
Islamic designers used the matching-rule ap- 
proach, The second approach is to repeatally 
subdivide kites and darts into smaller kites and 
darts, according to the rules shown in Fig. 4, A 
and B, This self-similar subdivision of large tikes. 
into small tikes 


be expressed in terms of a 
on matrix whose cigenvalucs ane i 
nature of quasi-periodicity; the 


cigenvalucs represent the ratio of tle frequencies 
in the limit of an infinite tiling (23), 
‘Our analysis indicates that Islamic desi 


hhad all the conceptual elements necessary 1 


produce quasi-crystalline girih patterns using the 
self-similar transformat il tiles, 
decagonal_ symmetry, The 


pattem on the Darb-i Imam shrine is a remark: 
able example of how these principks were 
applied, Using the selfs 


ar subdivision of 
tiles into small ones shown in Fig. 3, 
in arbitrarily large Darbsi Imam pattem 
be constructed. The asymptotic ratio of 
antics approaches the golen ratio 
(the same ratio as kites to darts in a Penrose 
tiling), an irrational ratio that shows explicitly 
that the pattem is quasi-periodic 
Moreover, the Darb-i Imam tile pattem can 
be mapped direetly into Penrose ties follow in 
the prescription for the hexagon, bowtie (2), 
andl decayon given in Fig. 4, Cto B. Usi 
substitutions, both the lange (Fig. 3C) an! small 
(Fig. 3B) giribtile pattems on the Darb-i Imam 
can be mapped completely into Penrose tiles 
(fig. $8), Note that the m 
€ to E, breaks the bilateral symmetries o 


lange gir 


pping shown in Fig. 4 


airih tiles; as a result, for an individ 
there is a discrete number of choices for the 
mapping: 10 for the decagon, two each for 
hexagon and bowtie. Therefore. the mapping is 


completed by using this freedom to elimi 


Penrose tile edge mismatches to the maximum 
degree possible, Note that 
comparisons in the literature between Islamic 
nal motifs and Penn 


alike previous 


designs with dec: tikes 
(U8, 24, the Da 
‘embedded in a periodic framework and ean, in 
principle, be extended into an infinite quasi 
periodic pater, 

Although the Darb-i Imam pattem illus- 
trates that Islamic designers had all the elements 
needed to construct perfect quasi-crystalline pat 
tems, we nonetheless find indications that the 
designers had an incomplete understanding © 
these elements. First, we have no evidence tha 
they ever developed the altemative matching-rule 
approach. Second, there are a small number of 
tile mismatches, local imperfections in the Dasbsi 
Imam tiling, These can be visualized by mapping 
the tiling into the Penrose tikes and identifying 


tessellat 


the mismatches. However, there are only a few 
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of them—11 mismatches out of 3700 Penrose 
tikes 


able with a loc 


and every mismatch is point-like, nemov- 
few tks 
2. 4F 


arrangement of 
Without affecting the rest of the pattem ( 
and fig. S8). This is the kind of defect tha 
artisan could have made inadvertently in con- 
structing or repairing a complex pattem. Third, 
the designers did not bey 
tile, but rather witha sx r 
tiles that does not appear in the subdivided pa 

This arbitrary 
ns that, strictly speakit 


and unnecessary choice 
the tiling is not 


self-similar, although repeated application of 
the subdivision rule would nonetheless lead 
rational t ratio of hexagons to 


to the same 
bowties. 
Our work suggests several avenues for fir- 
ther investigation, Although the examples we 
have studied thus far fall just shor of being 
perfect quasi-crystals, 
esting examples yet to be discovere 


here may be mot 
ncluding 
ierns, The 


perfoetly quasiperiodic decagonal p 
subdivision analysis outlined above establishes a 
for idcmtify 


proced quasi-periodic patterns 


Fig. 2. (A) Periodic girih pattem from the Seljuk Mama Hatun Mausoleum in Tercan, Turkey 
(-1200 C.E), where all lines are parallel to the sides of a regular pentagon, even though no 
decagon star is present; reconstruction overlaid at right with the hexagon and bowtie girih tiles of 
Fig. 1F. (B) Photograph by A. Sevruguin (~1870s) of the octagonal Gunbad-i Kabud tomb tower in 
Maragha, Iran (1197 CE), with the girih-tile reconstruction of one panel overlaid. (C) Close-up of 
the area marked by the dotted yellow rectangle in (B). (D) Hexagon, boutie, and rhombus girih 
tiles with additional small-brick pattern reconstruction (indicated in white) that conforms not to the 
pentagonal geometry of the overall pattern, but to the internal two-fold rotational symmetry of the 


individual girih tiles. 
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and measuring their degree of perfection. Ako, tile outlines for nondecagonal patterns appear in 
analogous girth tiles may exist for other non- — the Topkapi scroll. Finally, altho 
crystallographic symmetries, and similar dotted shows that complex decazonal tilings were 


Fig. 3. Girih-tile subdivision found in the decagonal girih pattem on a spandrel from the Dar 
Imam shrine, Isfahan, iran (1453 CE). (A) Photograph of the right half of the spandrel. (B) 
Reconstruction of the smaller-scale pattern using girh tiles where the blue-tine decoration in Fig 
1F has been filled in with solid color. (C) Reconstruction of the larger-scale thick line pattern with 
larger gir tiles, overlaid on the building photograph. (D and E) Graphical depiction of the 
subdivision rules transforming the large bowtie (D) and decagon (E) girih-tle pattern into the small 
Girih-tile pattern on tilings from the Darb-i imam shrine and Friday Mosque of Isfahan. 


made by 1200 C.E., exactly when the shift from 
the direct strapwork to the girih-tile paradigm 
first occurred is an open question, as is: the 
identity of the designers of these complex 


Islamic pattems, whose geometrical sophistica- 
tion fed the medieval world, 
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Fig. 4. (A and B) The a 
kite (A) and. dart (B) 
Penrose tile shapes are 
shown at the left of the 
arrows with redand blue 
ribbons that match con- 
tinuously acrossthe edges 
‘ina perfect Penrose tiling, 
Given a finite tiling frag- 
ment, each tile can be 
subdivided according to 
the “inflation rules” into 
smaller kites and darts (at 
the right of the arrows) 
that join together to form 
a perfect fragment with 
more tiles. (C to E) Map 
pings between giih tiles 
and Penrose tiles for 
elongated hexagon (©), 
bowtie (0), and decagon 
(©. (F) Mapping of a re- 
‘ion of small gir tls to 
Penrose tiles, corespond 
{ng othe area marked by 
the white rectangle in Fig. 
38, from the Darb-i mam 
shrine, At the left is a re- 
‘gion mapped to Penrose 
tiles folowing the rules 
in (© to (6), The pair of 
«colored tiles outlined in 
purple have a point de- 
fect (the Penrose edge 
mismatches are indicated 
with yellow dotted lines) 
that can be removed by 
flipping positions of the 
bowtie and hexagon, as 


‘=~ 
Pe 
if 


shown on the right, yielding a perfect, delect-free Penrose tting, 
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Ex Situ NMR in Highly Homogeneous 
Fields: 'H Spectroscopy 


Juan Perlo, Federico Casanova, Bernhard Bliimich* 


Portable single-sided nuclear magnetic resonance (NMR) magnets used for nondestructive studies 
‘of large samples are believed to generate inherently inhomogeneous magnetic fields. We 
demonstrated experimentally that the field of an open magnet can be shimmed to high homogeneity 
in a large volume external to the sensor. This technique allowed us to measure localized high- 
resolution proton spectra outside a portable open magnet with a spectral resolution of 0.25 part 
per million. The generation of these experimental conditions also simplifies the implementation of 
‘such powerful methodologies as multidimensional NMR spectroscopy and imaging. 


ingle-sided nuclear magnetic resonance 
G si ses Re rn 

two decades to characterize arbitrarily 
Jarge samples (J). In contrast to conventional 
NMR apparatus, where the sample must be 


adapted 10 fit into the bore of large supereon- 
ducting magnets, single-sided NMR experiments 
use portable open magnets placed on one side of 
an object to detect NMR signals ex situ. This 
‘configuration is convenicnt for the nondestruc- 


Live inspection of valuable objects from which 
ffagmentary samples cannot be drawn, but it does 
‘not allow generation of the high and hono- 
xgericous magnetic fields that afford spectral 
resolution in conventional NMR studies. G 
these detrimental conditions, the standand tech= 
niques of conventional NMR do not work, and 
‘new strategies need to be developed in order 10 
extract valuable information from the NMR 
signal (2-8), 

Starting from simple relaxation-time mea- 
surements, more sophisticated methods of ex situ 
NMR have bem developed, such as Fourier 
imaging (5), velocity imaging (6), and multi- 


Instat fir Technische Chemie und Makromalekulare 
Chemie, Rheinich-Westalische Technische Hochschule 
Aachen, 052056, Germany. 

“To whom correspondence should be addressed. Email: 
‘iuemich@mc.rathraachen de 


23 FEBRUARY 2007 VOL315 SCIENCE wwwsciencemag.org 


shim pair 


Fig. 2. (A) Magnet array used to generate a volume of highly homo- 
‘geneous magnetic field external to the magnet. The main magnet 
consists of two magnet blocks with antiparallel polarizations arranged 


in a U-shaped configur 


. The arrows show the direction of 


polarization of the magnets. The size of the sensor is 28 x 12 x 28 
cm’, The four pairs of shim magnets placed in the gap compensate for 
the inhomogeneity of the magnetic field of the main magnet. A 


surface rf coil with an outer diameter of 7 mm placed at 3 mm from 
the magnet surface is used for excitation and detection. The sensitive 
volume has lateral dimensions of about 5 x 5 mm? and a thickness of 
0.5 mm, It is located 5 mm from the surface of the magnet. (B) The 
effect of moving the top shim magnets in the directions indicated by 
‘the arrows is shown by means of maps of the magnitude of the 
magnetic field. Field strength increases are indicated by color changes 


from black (stronger) to white (weaker). 


dimensional relayation and diffusion correlation’ 
exchange maps (7). A remarkable achievement 
is the use of nutation echoes generatad by a 
combination of static and radio-frequency (rf) 
iagnetic fields with matched inhomogeneities 
to resolve the chemical shift in inhomogencous 
fields, Proposed in 2001 (8), this approach was 
recently implemented using a portable single- 
sided sensor (9), 

Magnetic fiekls generated by open magnets 
are believed to be inherently inhomogeneous, 
precluding the acquisition of chemicabshift re- 
solved NMR spectra, This perception isthe a 
son for designing such ingenious tricks ax 
nutation echoes (8) and shim pulses (70, 12) 
measure the chemical shi x stu, We broke with 
that assumption and demonstrated experimen- 
tally that highly homogencous magnetic fields 
{he degree of homogeneity is of a few parts in 
107) can be generated external to the magnet in a 
mple way. Conventional NMR. magnets, 
h enckise the sample, are equipped with 
shim coils to tune the shape of the polarizing 
magnetic fiekl to extreme homogeneity for 
narrow fines in the NMR_ spectrum. The 
straightforward adaptation of this approach to 
shim the stry field of an ex situ sensor must be 
discarded because of excessive requirements for 
the shim curents. However. a current loop of 
1000 A can be rephiced by an approximately 
|-mm-thick NaFeB pemnanent magnet block, 
and single-sided shimming can be achieved 
simply by a suitable arrangement of such blocks. 
We found that the current distribution needed for 


electrical single-sided shims can be replaced by 
pairs of magnet blocks with opposite polariza- 
tion, suitably amanged with respect to the main 
magnet. 

‘We used this strategy to shim the fiekd of a 
conventional U-shaped single-sided magnet (5) 
(Fig. 1A). The shim unit consists of four magnet 
‘block pairs placed inside the gap of the main 
magnet. Two pairs are fixed at the bottom and 
produce a strong gradient along the depth 
direction ; and. two further pairs on the top are 
movable. Together they generate a total of eight 
shim components. The first-order shim compo- 
nents x, and = are generated by displacing the 
twomovable pairs along the x, y.and > directions, 
respectively, The second-order terms x? and 
are adjusted by varying the distance between the 
pairs whik keeping their centers fixed with 
respect to the main magnet. Moreover, cross 
and y= ean also be generated by 
displacing the magnets as described in Table 1 
‘An important issu to be taken into account when 
magnets are built from small permanent magnet 
blocks is the inaccuracy in their fabrication 
Although the size of the magnet picoes can be 
defined with good precision, their remnant 
polarization varies typically on the onder of 
few percent [>10,000 parts per million (ppm)]. 
which is onders of magnitude larger than the 
desired homogeneity (<1 ppm). In spite of this 
souree of uncertainty, the effect of these im- 
pperfections can be eliminated by setting the shim 
unit in a configuration that cancels the unwanted 
field variations. The shim unit also includes three 


REPO! 


y [mm] 


Table 1. Shim components and required mag- 
net displacements. 


Shim Magnet 
Sees): 2 3 4 

x rr ee 
y ay ty yy 
z a oar ee 
ae ee ee CG 
Ps a er eg 
¥ “ay ay ayy 
x ay ty ty =a 
a a ae 


single-sided coils generating x,y; and = gradient 
fields used for fine tuning ofthe field (not shown 
in Fig. 1) 

The magnetic fickls generated either by 
conventional closed magnets or by the open 
sensor presented here possess the required degree 
of homogencity only in a limited volume. In 
conventional NMR, this limitation is often not 
important because the sample size is restricted to 
fit into this volume, but the main motivation for 
x situ NMR is to investigate arbitrarily large 
ssumples. Hence, the sensitivity ofthe sensor must 
be limited to the region of homogencous field 
We achieved this spatial selection by combing a 
96° soft pulse for excitation with the natural 
Interal selection of a surface rf evil (Fig. 1A). The 
selected volume was 5 * S mm” along the lateral 
directions and 0.5 mm across, and it was situated 
2 mm above the rf coil surface (12). Figure 2 
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Fig. 2. 7H NMR spectra 
‘of water. Solid tine: mag- 
nitude spectrum of 2 wa- 
ter sample much larger 
than the sensitive vol- 
lume, placed on top of 
the rf coil. The spectrum 
is the Fourier transform 
‘of the Hahn echo signal 
from 64 scans acquired 
with a repetition time of 


5 5 to improve the SNR. 
The fll width at medium 
height ofthe tine (inset) 
is 0.25 ppm at a proton 


60 40 


20 0 -40 


5 [ppm] 


20 -60 


resonance frequency of 8.33 MHz. Dashed line: best spectrum obtained by ex stu spectroscopy following 
the nutation-echo method. The linewidth is 8 ppm (9). Both data sets were obtained in the same 
measuring time, using sensors ofthe same size and working at comparable depts. Therefore, spectral 
resolution and sensitivity can be compared quantitatively, 


shows the spectrum of a water sample: much 
larger than the sensitive volume (an arbitrarily 
large sample) placed on top of the sensor, The 
linewidth is 2.2 Hz, corresponding to a spectral 
resolution of about 0.25 ppm (/3), For compar- 
ison, the state-of-the-art spectrum for single-sided 
NMR, measured recently by nutation echoes in 
the presence of spatially matched static and rf 
fields (9), is shown as well, The spectral re- 
‘lution has been improved by a factor of about 
30 with @ concomitant fivefold extension of 
the excited volume. Together with a sensitivity- 
‘optimized surfice rf coil, the increased size ofthe 
sensitive volume leads 10 an appreciably higher 
signal-to-noise ratio (SNR). 

‘The sub-part per million resolution achieved 
in this work allowed us to resolve different mo- 
Jecular structures, such as toluene and acetic acid 
(Fig. 3) (24). The toluene 'H spectrum exhibits 
two fines at 7.0 and 2.1 ppm, with relative 
intensities of about $:3, comresponding to the 
methyl protons, respectively 
A). In the ease of acetic acid, the two fines 
comrespond to methyl and carboxylic protons, 
\which appear at 2.3 and 11.3 ppm, with intensity 
ratios of 3:1 (Fig. 3B). These results prove tat ex 
situ. NMR ean be used to detemnine the molecular 
‘composition of liquids by "HNMR spectroscopy. 
Figure 3C shows the 'H spectrum of a mixture of 
water and enude oil. From the fine integrals, the 
\ateroil ratio can be quantified, a result of in- 
terest for well logging in the oil industry. 

‘The generation of highly homogencous fields 
With single-sided magnets considerably expands 
the methodologies available for open NMR sen- 
sors. Ex situ 'H spectroscopy can be used for 
noninvasive sereening for molecular composi- 
tion, the control of chemical reactions, and the 
ication of target compounds. The most 
intage of having high fickd homo 
sits NM is that 
tablished techniques of multidimensional NMR. 
spectroscopy and imaging can now be imple 
mented in a straightforwant way for the non 
destructive testing of large objects. 


‘An important limitation on the ek! use of 
such a mobile sensor concems the strong temper 
‘ature dependence of the remnant polarization of 
Pemmanent magnets. This property imposes. a 
lange resonance fiequency drift of up to -1200 
ppmv°C for NdFeB magnets. Conventional s0- 
lutions to this problem combine the use of kange 
thermal insulation chambers with NMR fick! 
frequency locks. However, these solutions are far 
too complicated to be of practical use for mobile 
‘open sensors. An ideal solution wouk! be the 
construction of a lemperature-compensated 
net. We addressed this issue by combining 
materials with different temperature coefficients, 

and x). chosen to fulfill the condition By By, 

Swe Where B, and By are the contributions of 
‘each material to the total field. In the case of the 
magnet presented here (Fig. 1), the field By 
generated by the main magnet and the field By by 
the shim unit oppose each other with an am- 
plitude proportion of By By 4.2. A ratio of 4.0 
of the temperature coefficients can be achieved 
bby building the main magnet from SmCo and 
the shim unit from NdFeB. The combination of 
these two materials would reduce the temper 
ature drifl in the present magnet geometry from 

1200 ppm"C to -17 ppm*C. This performance 
«can be further improved by slightly, modifying 
the size of the shim unit, 
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Structure of the Polycrystalline 
Zeolite Catalyst IM-5 Solved by 
Enhanced Charge Flipping 


Christ 


n Baerlocher,* Fabian Gramm,” Lars Massiiger,* Lynne B. McCusker,™* 


Zhanbing He,” Sven Hovméller,” Xiaodong Zou” 


Despite substantial advances in crystal structure determination methodology for polycrystalline 
materials, some problems have remained intractable. A case in point is the zeolite catalyst IM-S, 
whose structure has eluded determination for almost 10 years. Here we present a charge-flipping 
structure-solution algorithm, extended to facilitate the combined use of powder diffraction and 

electron microscopy data. With this algorithm, we have elucidated the complex structure of IM-5, 
with 24 topologically distinet silicon atoms and an unusual two-dimensional medium-pore channel 
system. This powerful approach to structure solution can be applied without modification to any 


type of polycrystalline material ( 


49. Catalysts, ceramics, pharmaceuticals, complex metal alloys) 


and is therefore pertinent to a diverse range of scientific disciplines. 


4 result of impressive methodological 
At in recent years, the determina 

on of a erysal structure from powder 
diflraction data is no longer a rarity (1, 2) 
However, some problems have remained 
tractable, The prospect of dealing successtully 
With such eases has been improved recently by 
two developments, First, the change-Mipping 
structure-solution algorithm introduced. by 
‘Oxzlinyi and Sat6 in 2004 for singke-erystal data 
(3, 4) has been adapted to accommodate powder 
dliflietion data (5), The resulting powder change- 
Dipping (PCF) algorithm implemented in the 
program Superilip (6) has been shown to work 
\well with both organi and inorganic materials of 
varying complexities. The second advance 
involves the inclusion of erystallographic phases 
‘oblaincd! from high-resolution transmission elee- 
tron mieroscopy (IIRTEM) images in the input to 
the zeolite-specitic program FOCUS (7). This 
approach led to the solution of the extremely 
complex structure of the polyerystalline zeolite 
TNU-9 (8), We reasoned that by including erys- 
tallographic phases from HRTEM images in the 
PCE algorithm, a powerful and generally appli- 
cable approach to structure solution for poly- 
crystalline materials coukd be developed. We 
\were particularly eager to apply this method to 
the polycrystalline aeolite catalyst IMS, whose 
structure has eluded determination for almost 10 
years. 

‘The synthesis of the high-silica zeolite IM-S 
\was reported in 1998 (9),and the general features 
Of its pore system were deduced from catalytic 
test reactions in 2000 (70). Although the material 
has proven to be an important thermally stable 
catalyst for hydrocarbon cracking and NO 
reduction (11-16), its properties cannot be fully 
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understood without detailed crystal structure 
information. Like many zeolitie materials, IM-S 
is polycrystalline, but this alone does not account 
for the particular challenge posed by its structure 
analysis. ft has an unusually tanse unit cell (C= 
centered orthorhombic with a = 14.299 A. b 
$7413 A, and. = 20.143 A) with a volume 
almost triple that of ZSM-S (17), one ofthe more 
complex known zeolites. There are also approx- 
imate relationships between the axes (b ~ 4a and 
© ~ ¥2a), which means that symmetrically 
unrelated reflections (c.g. 200 and O80 o¢ 0. 
and 060) have very similar «f spacings. These 
factors result in an enormous degree of reflee- 
tion overlap, which is the key hindrance 1 
structure solution from powder diffraction data 
(2). Furthermore, impurities, which complicate 
any powder diffraction data analysis, are com 
mon in IM-S syntheses. We overeame these 
difficulties by combining powder diffraction and 
electron microscopy techniques in a change- 
flipping structure-soluon algorithm, 

This study builds on our prior adaptation of 
the change-fliping algorithm to accommodate 
powder diflraction data (5), The algorithm itself 
is a deceptively simple one. Structure factor 
amplitudes (Fy). derived from the measured 
dliflmaction intensities (hy), ae assigned random 
crystallographic phases (O44) ann the comespan- 
ing (random) electron density map [ptxy=)] is 
‘generated with the equation 


plae)= TY Fusleos(2at lee + ky + £2) ~ Ou) 
Vii 

1) 

Then the signs of all electron density pixels 

below a user-defined threshold value 8 (a small 


Positive number close to zero) ane reversal 
(hence “charge flipping”) to produce a modified 
electron density map. Essentially, all negative 
electron densities (which are not physically 
meaningful) are made positive. From this map, 
anew set of structure factor amplitudes. and 
phases is calculated. The new phases are then 


REPORTS. [ 


combined with the measured amplitudes: to 
produce a new electron density map. Thi 
is repeated until convergence (calculated ampli 
tudes matching measured ones) is reached. An R 
value comparing the calculated and measured 
amplitudes prov ides an estimate ofthe reliability 
ofthe final map, 

In a powder diffiaction pattem, reflections 
\with similar d spacings (or diffraction angle 20) 
overlap, obscuring their individual intensities, To 
improve the initial estimate of these intensities 
(usually a simple cquiparttioning) during the 
course of a pCF run, we introduced a periodic 
rcpartitioning within each overtap group, In our 
implementation, this repanitioning procedure 
involves anadditional density modification based 
fon histogram matching (/8) and is performed 
after a user-defined number of eyeles of change 
flipping. Wu and co-workers use the change- 
flipping modification itself for this repanitioning 
sep (/9). The advantages of the charge-flipping 
algorithm are twofokl, Firs, all calculations are 
performed without any assumptions about the 
symmetry, thereby sidestepping space group 
ambiguities, common in power diffraction data. 
Scvond, no chemical information (e.g, bond 
distances, bond angles, atom connectivity) is 
required, $0 the technique can be applied to any 
lass of material, The question was whether oF 
not this algorithm could handle a problem as 
‘complex as the structure of IM-S 

In parallel to the development of the pCF 
algorithm, we were exploring ways of combin= 
ing the complementary aspects of powder dif- 
fraction and electron microscopy techniques for 
structure determination, In the 
(8) mentioned cartier, intensities extracted from 
high-resolution powder diffraction data were 
combined with crystallographic phases obtain! 
from HRTEM images in the zeolite-spocific 
program FOCUS (7). We reasoned that a similar 
approach could be used for IM-S, except that the 
information from the two techniques would be 
combinad in the pCF algorithm rather than in 
FOCUS, Because the pCF algorithm opera 
both real (election density) and reciprocal (phase) 
space, it is relatively easy to add supplementary 
information in cither realm. For example, a par 
tial or approximate moxel ean be introduced in 
real space as a starting electron density. map, 
instead ofthe usual random phase map: a (partial) 
pore system ina zeolite ean be defined in wal 
space in tems of a structure envelope (20); oF 
phase information from HRTEM images ean be 
added in reciprocal spacy 

High-resolution powder diffraction data were 
collected fiom several different samples of IM-S 
at the Swiss-Norwegian Beamfines (SNBL) at 
the European Synchrotron Radiation Facility in 
Grenoble, France, and the Swiss Light Souree 
{SLS) in Villigen. None of the samples were 
ical. All contained impurities, none had partic 
ularly sharp peaks, and diffraction intensity 
docreased rapidly with diffraction angle. Indeed, 
the main difference between IM-S and TNU-9 in 
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temns of the difficulty of the structure determina- 
tion lies in the inferior quality of the IM-S powder 
diffraction data, Nonetheless, by comparing the 
different IM-S pattems, the peaks comesponding 
to the IM-S phase could be distinguished from 
those of the Various impurities, and a tentative 
indexing of the patterns achieved. In some 
patterns, the impurity peaks could be assigned 
to known materials, but in others they remained 
fied, Because of the relationships be- 
id the quality 
was uncertain and the 


tween the axes mentioned earlier 
‘of the data, the indexin, 


cell difficult to refine. Generally, determining the 
Unit cell from a powder diffraction pattern is a 


straightforward and accurate procedure. How 


Fig. 1. HRTEM images taken along different zone 
axes of M5. (A) [100], (B) [001], and (©) {010}. 
Insets show the corresponding selected-area 
electron diffraction patterns (lef), the symmetry- 
averaged images (middle), and the simulated 
images from the structural model (right). The 
crystal thicknesses for the simulations were 50, 
50, and 750 A, and the defocus values were 
500, ~400, and +1500 A, respectively. 
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ever, when reflection overlap is extreme and/or 
\when unidentified impurities are present, elect 
di 


don is a valuable complementary tech- 


nique. Because ¢lectrons interact much more 
strongly with atoms than do x- 
crystal election diffraction pattem can be ob- 
tained from a very tiny crystallite (dimensions of 
20 wm for x-rays). Unfonu- 
nately, this strong interaction ly results in 
intensities that are difficult or impossible 10 
imerpact dicetly, However, the singk-cryst 
he diffraction pattems allows impu- 
Fities to be discriminated from the ma 
reflections. w’ 
nish fv 

We therefor 
ava ekcton diffraction (SED) patierss on 
different crystallites of IM- 
around various axes. The SAED pattems from 
ich tilt series. were combined with the pro. 
ns ELD (2/) and Trice (22) to construct 
three-dimensional (3D) reciproe: 
Which approximate lattice parameters oo 
determined. These results confirmed the powder 
indexing. The systematic absences in the SAED 
indicated that the most probable space 


h similar d spacings to be 


dis 1 one another 


collected series of selected 


they were tilled 


\d be 


lattice 


pate 
groups were Cmc2,. Cem, and Cem, 

The powder diffraction patiern exhibiting the 
sharpest peaks and the largest ra 
(20) was selected for further analysis, First, the 
anakcime impurity peaks were subtracted from 
this pattem, and then: 


cin d spacings 


set of reflection intensities 


were extracted ass 
OF the 4120 reflections in the pattern (dy 

1.05 A), 3499 were witht FWHM (full width 
at half maximum) of another reflection, forming 
862 overlap To optimize the relative 
intensities within the overlap groups, the FIPS 
(fast i 

applics ( 


the space group Com 


). These intensities were expanded 10 
the space group PI (no symmetry within the unit 
cell) and used as input to the pCF program. 
Although some of the resulting electron density 
maps showed feasible pore systems, none could 
fevel suflicient 


be interpreted to 
down 


struct 


There were indications in these 


ation, 


laps that the assignment of a mirror plane 


n Cem) might 


perpendicular to the a axis 


To resolve this issue, we took high-quality 
HRTEM images of IMS along the three main 
es at 300 kVon a JEM-3010 transmission 
ier ta 


electron microscope (Fig. 1). A Fo 
was calculated fom a thin arc 
in cach image, and structure factor am- 
plitudes and phases were extracted with the 
program CRISP (24), Note that erystalhographic 
Phases, which are lost in diff 
can be retrieved from HRTEM images, These 
phases were analyzed to determine the symmetry 
Fh projection, and the combination of the 


tion experiments, 


three different projections supported the assign- 
ment of the noncentrosymmetric space group 
nly, 
ions of the 


ed setting Ama2), Comsequ 


the phase relations and phase res! 
space group Clem were imposed on the a 
plitudes and phases extracted from the HRTEM 
images of cach projection. The contrast transfer 
function was determined fom the Fourier trans 
form of cach image and compensated with the 
program CRISP, after which the projected 
porential maps (insets in Fig. 1) were calculated, 


The structure factor amplitudes and phases 
from the thee HRTEM projections we 
3D set of 95 struct 


bined to produce 
Common refleti 
plitudes 
the 


vctors, 


nd to determine the common origin of 
ns(25), A3D potential map 


erent roe 


was then calculated by inverse Fourier ta 
formation with the program eMap (26), In this 
potential map, 36 unique Si-atom po 
Jocated and then adjusted to produce a four 
connected framework structure, Oxygen bridges 


were added between the connected Si atoms, and 
metry Was optimized with the distance 
feast-squ un DLS-76 (27). However 
the A value of the optimization (comparison 0 
calculated and ideat distances) indicated that the 
framework was highly strained, Furthermore, the 
powder diffraction pattern generated from this 
model did not fit the mea 
ler structure refinement 

The 9S phases derived from the HRTEM 
¢ then inclided in the pCF routine 
sinvcture envelope (20) defining the 
channels along [100] and [001] (Fig. 1, A and B), 
The structure envelope was used to eliminate 
dlectron density within the channels. However, 


sd one very well, 


Fig. 2. Electron density map from pCF that was used to derive the structure of IM-5. A stick model 
of the final refined structure of IM-5 has been superimposed for comparison. The image was 


produced with the UCSF Chimera package (30). 
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the resulting electron density maps were not 2 Jom fashion, thereby generating 1000 
i po 1000 distinct pCF 


ily over the earlier ones for different st 
that the runs. Dy 1 
‘model derived fom the HRTEM data was prob system was enforced periodically by applying the 


improved sullicis for 


ful interpretation. Speculating ring 


ably partially correct, we used it to calculate — structure envelope restriction. The resulting maps 


alemative starting clectron density maps to were symmetry averaged assumin 


replace the initial map generated by the use of — group Cem, and then the five best maps (lowest 


random phases. The phase of each reflection pCF R values) were combined to yield the one 


calculated from the structure was varied by up to shown in Fi 


TTY TT 


2 8 & 113 


prresprrreperrerrrtrprrerporeeperrst 
2 30 3 40 4 50 55 
2 theta 


Fig. 3. Observed (top), calculated (middle), and difference (bottom) diffraction profiles for the 
Rietveld refinement of calcined IM-5 (), = 0,99995 A), The higher-angle data have been scaled up 
by a factor of 4 to show more detail. Tick marks indicate the positions of the reflections. A small 
section of the low-angle data has been expanded in the inset to illustrate the high degree of 
reflection overlap even in the large d-spacing range. Three clearly separated impurity peaks are 
marked with asterisks. 


ig. 4. The unusual 20 10-ring channel system of IM-S. (A) Projection along [100], showing the 
connections between the channels running parallel to [001]. The walls between channel systems are 
marked with arrows. (B) A single 2D channel system {between the walls marked in (A), showing more 
detail of the connectivity. The details of the shape and sie ofthe structure envelope (generated from 21 
reflections) used to depict the channel system are only approximate and should not be overinterpreted. 
The envelope is only meant to indicate the approximate arrangement of the channels within the 
framework structure. The image was produced with the UCSF Chimera package (30). 
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Interpretation of th 
The positions of 35 of tl 


36 Si aloms and 61 


the 79-0 atoms could be located directly in the 
Si 
be deduced quite easly from the four 


ks. The position of the miss 


surrounding Si atoms. Two of the other Si atoms 
had to be shified by ~0.1 A along the ¢ axis to 
complete the four-connected framework struc- 


ture, The positions of the missing oxygen bridges 


were then generated, and the geometry was 
optimized with DLS-76 (27). This time, the 
DLS R value was indicative of an unstrained 


geometry, and the calculated powder diffrac 
tion paticm matched the main features of the 
measured one 


The framework structure appeared wo be con. 


sistent with the centrosymmetrie space group 


Cem, so we began Rietveld refinement of 


plify the refinement, we used data collected 
on a calcined sample (ie., one in which the 
anic molecules in the pores had been re 
moved by heat treatment) [a= 14.2088(3) A, 
b= $7.2368(13) A, ¢ = 19.9402) A}, even 
though the peaks were not as sharp as those in 


the pattem used for the structure determination, 
Sot 


nctric restraints were placed on the 
angles of the atoms of 


amework, and! the refinement conver 
with the structure factor, weighted profile 
and statistically expected & values 0.075, 0.188, 
nd 0.142, respectively (Fig. 3). Strong. aniso- 


tropic peak broadening along (wo crystallo- 
phic directions (e.g. peak widths of 0,026, 
0,060, and 0,068°20 for reflections with similar 


20 values, but orthogonal orientations) was 


ed andl couk only be modeled approxi 


mately, The hi 
this complication, as well as a particularly 


1 Rup value stems mainly from 


irregular background that was difficult to 
estimate and the presence of an unidentified 
impurity. Nonetheless, the refinement of the 
structure itself was extremely stable. Although 
12 of the 24 Si atoms in the asyrumetric unit lie 
‘on the mirror plane pempendicular to the a axis, 
the goometry remained reasonable, with the 


possible exception of the 180° Si-O-Si an 


(25), which lies on a center of symmetry. 
Reduciny 


to one of the non: 
ups of Cem 

(Cem, C224, oF Cne2s) did not result in any 
substantial improvement in either the profile fit or 
metry, so the higher space group Cntem 


ccentrasymmetric C-centered subj 


was retained. It is possible that the © 
of IM-S, which was used for the refinement, 
adopts a symmetry higher than that of the 
n. Which was used for all the 


lyse. 
4 topologically distinet Si atoms, 
framework structure of IM-S (see data file $1 for 


IM-S crystallographic information) isas complex 
iat of TNU-9, the most complex zeolite 


iherto solved (8). For comparison, the next 
most complex zeolite, ITQ-22 (28), has only 16 
opologically distinct (SiGe) atoms. The [001] 
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projection (Fig. 1B) of IM-S is very similar to 
‘one found in several other high-silica zeolites 
[Ferrcrtc, ZS) M-I1, ZSM-S7, SUZ4, 
Theta-1, and TNU-9 (29)]- However, the con- 
nextivity along [001] is different and leads to an 
unusual pore system (Fig, 4). As suggested by 
‘the catalytic tests (70), IM-S has 2D 10-ring (10 
Si atoms and 10 O atoms in the ring describing 
the pore opening) channel system with effective 
pore widths ranging from 4.8 to $3 A. What is 
unusual is that this channel system also has a 
limited thint dimension, Three 2D channel 
systems running perpendicular to the axis are 
connected to one another to fom a ~2.S-nm- 
thick pore system. Single walls of four, five, and 
six rings (Fig. 4A) separate these nanostabs from 
‘one another, This distinctive pore structure (Fig. 
4B) ives IM-S the character of a 3D channel 
system with complex channel interscetions that 
accommodate bulky intermediates ina 
lytic reaction, while retaining the overall 
effect of a 2D ane with long-range diffusion 
restricted to just two dimensions. 

Because no symmetry is assumed, the num 
ber of atoms per unit cell rather than the number 
per asymmetric unit isthe prime limitation of the 
PCF algorithm, For IM-S, this number is S64 
{88 Si atoms * $76 0 atoms). Therefore, the 
structures of other polyerystalline materials with 
similar numbers of atoms per unit cell, whether 
they be other catalysts, ceramics. pharmaceut 
cals, or complex metal alloys, shouk! abo be 
accessible via a similar route, provided that 


HRTEM images can be obtained. All of the en- 
hancements to the charge-flipping approach 
discussed here have been implemented in the 
freely available program Superflip (Superflip 
input file for IM-S is wiven in data file S2) (6). 
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Shaping of Elastic Sheets by 
Prescription of Non-Euclidean Metrics 


Yael Klein, Efi Efrati, Eran Sharon* 


‘The connection between a surface’s metric and its Gaussian curvature (Gauss theorem) provides the 
base for a shaping principle of locally growing or shrinking elastic sheets. We constructed thin 
‘gel sheets that undergo laterally nonuniform shrinkage. This differential shrinkage prescribes non- 
Euclidean metrics on the sheets. To minimize their elastic energy, the free sheets form three- 
dimensional structures that follow the imposed metric. We show how both large-scale buckling and 
multiscale wrinkling structures appeared, depending on the nature of possible embeddings of 
the prescribed metrics. We further suggest guidelines for how to generate each type of feature. 


hin sheets are common in natural and 
| ‘man-made structures, are shaped to a 
huge variety of diverse three-dimensional 

(3D) structures, and spain many tenth scales (/). 
Natural slender structures, such as flowers, lie 
cchens, and marine invertebrates, atain elaborate 
configurations during their unconfined (free) 
‘growth. One wonders what mechanisms lead to 
shaping of five sheets and whether they can be 
implemented with artificial materials. ‘Thin 
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sheets can form nontrivial 3D structures in many 
different ways. Confinement of Mat sheets can 
lead to buckling (2), wrinkling (3), and crump- 
fing (4). The construction of layered material can 
result in both bending (5, 6)and wrinkling ( 
Recent studies of wavy pattems along edges of 
tom plastic sheets (9-77) have shown that 3D 
\wavy patterns can result from inplane deforma- 
tions. Mathematically, a structure made of a thin 
sheet can be viewed as a two-dimensional (2D) 
surface in a 3D Euclidean space. intrinsically, a 
surface is characterized by its metric, a tensor 
‘that specifies the local distances between points 
across the surfice (/2), The shape of a surface, 
its configuration in space. isa realization, an em- 


bedding, of the metric in space. In many cases, 
there would be many possible embeddings of 
a given 2D surface (metric) in space; that is, 
the metric alone does not determine a con- 
figuration, To select a specific shape (a specific 
smnbedding), one needs to determine, in adlition 
to the metric, the local curvatures on the sur= 
face (13). 

We present a shape selection principle based 
fon two main ideas: The fist is Gauss theorem 
(Theorema Egregivm), which states that the 
metric tensor ofa surfice locally determines its 
Gaussian curvature K(x). The second principle, 
known ffom the study of erumpling (14-16), 
shell collapse (17), and wrinkling (8), states 
that equilibria of thin elastic sheets involve only 
small amount of inplane strain. Combined, these 
two principles lead to a novel shaping mecha- 
nism: Rather than aiming at a specific embed- 
ding, one prescribes on the sheet only a 2D 
metric, the"“tanget metric” guy One that results in 
a nonzero Gaussian curvature (a non-Euctidean 
metric). A sheet adopting a configuration (em 
bedding) satisfying ur Would have been com 
pletely free of inplane strain, that is, stretching 
cenengy. The free sheet will settle 1o a 3D con- 
figuration that minimizes its elastic energy. In 
this mechanism, the selected configuration is set 
by the competition between bending and stretch- 
ing energies, and its metric will be clase to (but 
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iflerent from) gar We show that the construc 
tion of elastic sheets with various target metrics 
is possible and results in spontancous formation 
‘of 3D structures. These structures exist in both 
large-scale buckling and small-scale wrinkling 
forms. We further suggest guidelines for how to 
generate cach type of feature, Being free in 
space and not locked onto a specific embedding, 
these shoets undergo morphological transitions, 
driven by global constraints on possible embed- 
dings of their target metrics. 

‘Wee used N-isopropylacryumide (NIPA) gets 
to construct sheets with inducible non-Evelidean 
fer The gels are produced by mixing NIPA 
monomers with bisicrykimide (BIS) (6% by 
\weight of NIPA) crosselinker in water. The addi- 
tion of catalysts initiates polymerization of a 
«cross-linked clastic hydrogel [Supporting Online 
Material (SOM) text) This gel undergoes a sharp, 
reversible, volume reduction transition at Ty = 
33°C (79), above which its equilibrium volume 
decreases considerably, Calibration experiments 
(ig, S1) using. various homogensous (each of & 
different fixed NIPA concentration) gel dives pro- 
Vide the relation between the monomer concen- 
tration and, the shrinkage ratio of the “activated” 
gel, These measurements show that dilute gots 
shrink a lot, whereas gels with high monomer 
yeentrations undergo moderate shrinking. 

‘To impose nontrivial target metrics, we con- 
structed sheets with internal lateral gradicnts in 
NIPA concentration, ic. n= n(e) We used 
programmable actuated valves t@ injcct solu 
tions with gradients in monomer concentration 
into-a mold (Fig. 1). Polymerization takes place 
‘Within a minute, and the imposed gradients ane 
thus ffozen within the gel, The constnacted 
sheets are fat below Te but are programmed to 


High concentration Low concentration 


shrink differentially, with ratio n(r). upon 
activation at T'> Te, Indeed, the sheets adopted 
2 non-Euclidean metric and underwent lange 
reversible shape transformations (Movie SI). To 
cast radially symmetric discs, we used a Hele- 
‘Shaw cell configuration. The solution isinjectad 
into the gap between two flat glass plates 
through a central hole in one of them (Fig. 1). 
Gel uibes were cast by injecting the solution into 
the gap between two concentric glass tubes. 

The differential shrinking changes distances 
‘between points on the surface; that is, it defines a 
new fargst metic on the disc. Because the sys- 
tem is radially symmetric, we consider a closa 
circle of radius ron the cold dise. Afier the 
shrinking, both perimeter and radius ofthe circle 
are modified. The perimeter is now 2nrn, and 
the radius is pr) = fo'ntr’alr’. Thus, the prim 
ter of a cireke of radius p on the shrunk disc is, 
now /(p2xp. where ip) is determined by nip). 
With use ofa radial coondinate system (p, 0), the 
linear element determined by gue is dl? = dp? + 
p°Ap Pde? and the prescribed target Gaussian 
curvature reads 


OY ley 
ve) 


Kel?) a 


‘The p-dependent monomer concentration is thus 
8 knob with which we can act [p/(P)pp. and 
determine a tanget Gaussian curvature. When 
[ofl pp does not equal 0, Kye also does 0 
sequal 0, implying that any embedding Of gar 
‘cannot be flat. This is demonstrated in Fig. 2A, 
\Wwhere increasing and decreasing monomer con= 
‘centrations result in Kye < anid Ky» 0, respoe= 
tively. The resultant configurations of the sheets 
are nonfat, comresponding 10 sur (Fi. 2A insets), 


Fig. 1. The experimental system. High (~ 30%) and low (~ 10%) monomer concentration solutions 
‘are mixed in a programmable mixer and injected into a Hele-Shaw cel (left). Polymerization leads to 
the generation of a flat disc having internal lateral gradients in monomer concentration (center). Once 


this programmed disc is activated in a hot bath of temperature T > Te 


33°C, it shrinks differentially, 


adopting 2 new, non-Euclidean target metric (right). As a result. it attains a 3D configuration. 
INlustrated is a surface of positive Gaussian curvature, generated by increasing monomer concentration 


during the injection. 
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The sheets are not ideal 2D surfaces, and 
their equilibrium configurations are determined 
by balancing stretching and bending enengics: 
The stretching energy, which vanishes only in 
embeddings that fully Follow gar. Seales Hinearl 
with the sheet thickness, 1 (20), The bending 
energy, which is 0 only in flat configurations 
(because the sheets are uniform across. their 
thickness}, leads to deviations from gu, and 
scales as (3. Thus, as ¢— 0 the stretching term 
ddomninates, and, therefore, a sheet will be willing 
tobend a lot in order to reduce its inplane strain 
Therefore, equilibrium configurations will in- 
volve only small amounts of inplane strain, and 
the metric of the selected configuration is © 
pected toapproach gar, To cheek thisconjecture, 
‘we compared the metrics of curved dises to their 
tanzet metrics, The topography of the dises (x) 
Was measured by using an optical profilometer 
(Conoscan 3000, Optimet, Jerusalem, Israel) 
(SOM text), Radial goodesies (the equivalent 
of radial lines on a curved disc) were plotted for 
azimuthal angles 0 (Fig, 2B, insets), enabling the 
identification of circles of radius p on the curved 
surface (in general, the projections of these 
curves ate not circles in the x, plane). We mea- 
sured the perimeter of such circkesand compared 
it to /Api2np. the perimeter set by shar. This 
comparison is shown for two types of dies of 
positive and of negative target Gaussian curva- 
ture (Fig. 2B). In both eases, the perimeter at p 
closely follows the preseribed one, and indeed 
the sheets’ metric (averaged over 0) is very close 
to their target metric. 

‘When averaged over 0, the 1Wo types of dises 
Follow ue: however, they present Wo qh 
tively different physical behaviors. The surfces 
of Kue > 0 preserve the radial symmetry of srs 
generating surfaces of revolution (Fig. 2, lower 
insets). The surfces of Kye <0 break this sym- 
metry, forming wavy structures (Fig, 2 upper 
insets). To understand the nature of this qualita 
tive difference, we compared the magnitude and 
the distribution of bending and stretching energy 
densities across the sheets. The stretching energy 
density results from inplane strain, that is, 
differences between x and Xap. Thus (according 
to Gauss’ theorem), local differences between 
Kip.0) and Kup) indicate a nonzero stretching 
cenengy density. The bending enerey density is 
Fxlp.0) = DBIp.9). where D is the bending 
stiffness of the sheet (SOM text) and B(p.0) = 
4H°(p.8) Kip). with Hip.9) the local mean 
curvature. Thus, the bending energy density can 
be studied by analyzing B(p.0). 

‘The distributions of (p.0) and Kip.0) are 
presented in Fig. 3. For discs of Kg > 0 (Fi. 3, 
Aand B, lef), both K and /7 are distributed in a 
radially symmetric manner and are of the same 
magnitude. The symmetric distribution of K 
indicates that ge #8 obeyed locally and not just 
fon average (Fig. 2), This indicates that the sur- 
faces’ configuration is very close 10 an embed- 
ding Of gan and thus its stretching energy is 
close to 0. JF(p.0) = Kip.0) implies that B is 
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lose to its minimal locally possible value, B 
3K (SOM text). Thus, the bending enerzy den- 
sity is minimal as well. The selected contig- 
uration locally minimizes both bending and 
stretching enengy densities, thus forming a very 
Jow energy solution. In contrast, for surfaces 
With Kue <0 (Fig. 3, and B, right), AP attains 
Jange values (lager than ‘Kyq!}-and the condition 
{or minimal bending energy density [24p,0)= 0} 
is far from being fuliled, resulting in high 


surface of Kur > 0 (whereas its minimally 
possible value, B = K, is three times: smaller 
than that of the surface of Kur 0) 

‘A more surprising observation is the asym- 
metric distribution of the Gaussian curvature. 
Instead of the negative, rotationally symmetric 
Ku (Eq. 1), Kip.0) varies periodically in 0, 
attaining pesitive and negative values (Fig. 3B, 
right). The comparison with Ky at a fixed 9 
(Fig. 30) shows that K' oscillates, with ampli- 


Significant modulations in st 
density. Compared with the case of Kiar 
the selected configuration is not successfil in 
reducing both bending and stretching energies. 

Intrinsically, the discs in Fig. 2 differ only by 
the sign of Kir. What is the mechanism that 
causes the disc With Kg <0 fo break the sym- 
metry, bend a lot, and localize inplane strain? 
‘Because the dises are free in space and energy is 
minimized globally over the entire disc, limi- 


bending cnengy. Indeed. the average of B(p.0) tudes larger than its mean (Kye) These fluctua tations on possible global embeddings OF far 
‘over this surface is twice as lange as that of the tions imply a periodic deviation fiom guy, i<.. play acentral role in setting the shape of the dive. 
8 
150] 


Radius (cm) 


Fig. 2. Shaping of non-Euctidean elastic discs. (A) A radially decreasing 
monomer concentration (red line) prescribes a positive Gaussian cur~ 
vature on the disc, which adopts a dome shape (lower image). When the 
monomer concentration profile is inverted (blue line), it prescribes a 
negative Gaussian curvature, leading to an azimuthally oscillating shape 

tial thickness tq = 0.5 mm. (B) Dise perimeter as 


(upper image). Discs’ 


10 15 20 25 


Radius on the Surface (mm) 


4 function of p (solid tines) compared to the perimeter prescribed by dur 
(Gashed lines). Both positive (red) and negative (blue) Gaussian curvature 
dises follow, on average, guy. The dashed black tine indicates a fat dise 
for which the perimeter equals to 2mp. (Images) Measured disc 
topography z(x,y) with a semigeodesic coordinate system. Lines of 
constant radius p = 15 mm on the curved dises are highlighted in bold. 


Keoui> c 2 Fig. 3. Distribution of 
Gaussian and mean cur~ 
bas vatures onthe dics (A) 
e The squared local mean 
Gy curvature on discs of 
E Kur > O (lef and Kye < 
© 05] 0 ight. The first is 
5 radially symmetric (ex 
8 o cept for few defects), 
é whereas the other oscil 
0s lates. (B) The measured 
§ Gaussian curvature on 
ga the positive curvature 
é disc (left) is radially 
15 symmetvic and of mag- 
OS 1 15 2 25 3 tude similar to that of 
Angle (Rad.) HP In the case of Kay < 
©, the Gaussian curva- 
ture oscilates, breaking the radial symmetry. (C) The local Gaussian curvature along a line 
of p = 15 mmis plotted versus the angle forthe discs with Kur > 0 (red) and Ki <0 (blue). 
The dashed lines indicate Ky, at p = 15 mm. For the disc of Ky > 0, the generated Gaussian 
curvature is positive and closely distributed around its mean. In contrast, the Gaussian 
curvature of the disc of Kur <0 oscilates with amplitudes larger than its mean, in 
TE cart correlation with surface undulations. 
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For metties with Kixdp) > 0, radially symmetric 
global embeddings with small bending do exist 
(21), Such theoretical configurations are good 
minimizers of the shect’s energy: they fully fol- 
ow tur (are fie of stretching) and would pos- 
sess low bending energy. The physical sheets 
select such embeddings as a basis for their equi- 
librium configurations, The finite thickness of 
the shvets will lead {0 configuration that are 
clase to the mathematical (2D) ones, with both 
bending and stretching enengics small, as we 
have shown. In contrast, embeddings of radially 
symmetric metries, with Kur < 0 (hyperbolic 
metrics) are nontrivial, do not preserve the radial 
‘symimetty of the metric, and must include small- 
scale structure (22, 23). The langer the sheet is, 
the smaller this seale gets, Such embeddings of a 
physical sheet would have large (bending) 
‘energy and thus are not candidates for sheets! 
‘equilibrium shapes, Indeed, the substantial hoe 
alized stretching energy, together with the 
large bending enengy (Fig. 3. A and Bright), 
indicates that the sheets do not select an 
embedding of guts a btsis for their equilibeiun 
configuration but follow a wrinkling-type be 
havior. In wrinkling, stressed small-scale (/.) 
and multiscale (24) wavy structures are formed 
because of the inability to facilitate stretch-free 
configurations with low bending energy, Our 


Fig. 4. Different struc a. 
‘ures of sheets with radi- 

ally symmetric target 
metrics, (A) A thick sheet 
(t= 0.75 mm) with rel- 
atively flat hyperbolic 
metric adopts a configu 
fation with only three 
waves, Thinner (t = 0.3 
mm) sheets with larger 
‘gradients in monomer 
concentration form two 
generations of waves 
(B). Symmetric surfaces 
of positive curvature, 
such as in (C), can be 
combined with negative 
‘curvature margins to ob- 
tain a wavy sombrero-thke 
strxture(D),Axiallysym- 
metric metrics canbe 
applied to cylindrical 
sheets, (E) A tube with 
<0 preserves the radial 
symmetry because the 
amount of Gaussian cur- 
‘ature integrated over the 
tube is less than ~2n. 
‘When too much negative 
curvature fs accumulated 
‘over a tube, it develops a 
wavy edge. Tubes with 
two (F, four (G), and six 
(H) waves are obtained, 
depending on the sheet 
thickness and the metric profile. 


experiments show that such conditions can 
‘occur with fice sheets, depending on their target 
metric, 

The prescription of smooth symmetric met- 
rics can thus lead to the formation of both sym- 
metric large-scale and oscillating small-scale 
structures. This tool can be used as a basis for 
a shaping principle. Different types of shapes are 
constructed (Fig. 4) by combining regions of 
different curvatures and controlling sheet th 
ness and sheet topology. In contrast to the dise 
topology, in cylindrical topology. symmetric, 
low bending embeddings of Kur < 0 do exist 
(22, 25)im a trumpet form. A physical sheet will 
thus be able to select such an embedding as a 
basis for its equilibrium configuration, resulting 
(Fig. 4) in a configuration that is symmetric 
and feature-free. However, such a symmetric 
surface can accommodate only up to 2x neg- 
ative Gaussian curvature (22, 25), Beyond this 
Timit, the symmetric solution no longer exists. 
This is soon in Fig. 4 F to H, where eyfindical 
sheets With Kur < O adopt wavy configurations, 
as with the radial discs. 

We suggest that large-scale buckling of 
unconstrained clastic sheets occurs when a 
non-Euclidean target metric ur can be symmet- 
rically embedded, with low associated bending 
‘energy. When no such embedding exists, enengy 
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minimization of the sheet is achieved via a 
\wrinkling-type behavior. This shaping principle 
might play a role during developmental pro- 
cesses in naturally growing tissues, where the 
Jocal nature ofthe growth provides a mechanism 
for the formation of non-Euctidean metres. In 
‘our experimental system, gue 6an be tured "ont 

and “off” by environmental conditions, having 
aan applicative potential, This approach can be 
implemented by using other anificial materials 
that undergo large volume reduction, Such new 
materials are being developed to respond 10 
different external stimuli, such ay light (26), pI 
(27), glucose level 28}, and other chemical 
signals (29). Further study of the principles of 
shaping by metric prescription can extend the 
types and variety of structures that can be formed 
by using thin shocts, as well as improve our 
understanding of developmental processes. 
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Focusing Beyond the Diffraction 
Limit with Far-Field Time Reversal 


Geoffroy Lerosey, Julien de Rosny, Arnaud Tourin, Mathias Fink* 


We present an approach for subwavelength focusing of microwaves using both a time-reversal 
mirror placed in the far field and a random distribution of scatterers placed in the near field of the 


focusing point. The far-field time-reversal mirror is used to build the tir 


reversed wave field, which 


interacts with the random medium to regenerate not only the propagating waves but also the 
‘evanescent waves required to refocus below the diffraction Limit. Focal spots as small as one-thitieth 
‘of a wavelength are described. We present one example of an application to telecommunications, 
which shows enhancement of the information transmission rate by a factor of 3. 


h information about an ob- 


escent waves in near-field n 
place a subwavel 


scatlerer, evanescent waves can con ert ino peop 
‘agating waves, which can then be detect in the 
fr field. Inthe past decade, several schemes for 
detecting evanescent waves were introduced 
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(J, 2). They use either a subwavekength-sized 
aperture or a sharp stylus that samples the ficld 
very close (<2) to the specimen to be imaged, 
More recently, superlenses have been pro- 
pesed for imaging beyond the diffraction limit 
(3-5), Those discoveries followed the original 
descriptions of negative refraction and perfect 
maging of quasistatic line sources (6, 7). Such 
superlenses consist of thin slabs of materials 
\With negative permittivity, permeability, or both 
(4, 5. 81D), Recently a cylindrical lens relying 
‘on anisotropic metamaterials has also been theo- 
retically proposed (12). Superlenses transmit 
evanescent waves with enhanced amplitude, in 
‘contrast to conventional materials, Thus, evanes- 
cent components radiated by an object can be 
recovered in the image plane. In contrast with 
icarfick! microscopy, which requires a point- 
by-point scanning, superlenses form the whole 


insulating 
‘copper, 
or layer 

metalic 
core ‘ground 
‘coaxial line 
hemp) 
A ‘8-channél micro- B c 


Fig. 1. Experimental setup. (A) A TRM made of eight commercial dipolar 

k= 12 cm) i placed in a I-m? 
reverberating chamber. Ten wavelengths away from the TRM is placed 2 
subwavelength receiving array consisting of eight microstructured 
antennas 3/30 apart from one another. (B) Details of one microstructured 


antennas oper 


ing at 2.45 Ge (i 
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mage at once. One drawback is that in all ex- 
‘experimental verifications, the image still 
forms in the near-field zone of the supestens and 
scanning near-fiek! microscopy technique must 
be uscd to create the far-field image (/3), 

Our approach for subwavelength focusing 
uses a focusing aperture placed in the fir field 
“The idea is to build mierostructured medium in 
the near field of the point where one intends 10 
focus and to use a time-reversal mimor (TRM) 
placed in the far field to build the time-reversed 
wave ficld that will focus at the tanget without 
being subject to the diffraction limit, 

The time-reversal technique is well known in 
acoustics and has led to a number of applications 
in ulrasound and underwater acoustic: 
brain therapy, lithotripsy, and nondestructive 
festing, as well as in tclecommunications (14), 
Ina typical time-reversal experiment, an acous- 
tic source is placed at the location where one 
intends to focus. First, this source sends out a 
short pube. The wave field propagates and is 
recorded with a set of transducers located on a 
surface. Second, the recorded signals are flipped 
in time. Third, the flipped signals ae transmitted 
back by the same set of transducers acting as 
transmitters. The resulting wave is found to con 
verge back t0 its initial source, At best, if the 
transducers are located on a closed surfiee sur 
rourdling the original source, forming a closed 
TRM, the time-reversed wave convenes from 
all directions. However, even if the original 
source is pointlike, the focal spot isnot. Indeed, 
asthe amy of the evanescent waves dees 


‘antenna. It consists of the core of a coaxial line that comes out 2 mm from 
‘an insulating layer and is surrounded by a microstructure consisting of a 
random distribution of thin copper wires. (C) Photo of the eight-element 
subwavelength array surrounded by the random distribution of copper wires. 
‘Antennas 3 and 4 are indicated by the red and blue arrows. 
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Fig. 2. Focusing beyond the diffraction limit, (A and B) show the signal 
received at one antenna of the TRIA when a 10-ns pulse is sent from antennas 
3 and 4, respectively, of the microstructured array. The signals in (A) and (B) 
look considerably different, although antennas 3 and 4 are only 2/30 apart. 
(C and D) show the time compression obtained at antennas 3 and 4, 
respectively, when the eight signals coming from antennas 3 and 4 are time- 


‘exponentially, a closed TRM located in the far 


components, Therefore, the 
focal spot 


produces a 
diffraction limit 
tive, a closed TRM is dificult to re- 
alive versal operation is usually 
perfonnied on at limited angu but if the 
time-reversal experiment is conducted inside 
reverberant chamber, the ditt 
actually be reached, even with 
TRM (/5). In this ease, the 
focuses from all directions bocaus 
ation off boundaries, Recently, ex 
‘demonstrations of phase conjugation and broad: 
band time reversal were reported for micro- 
waves (/6- 18). In our microwave time-reversal 
experiments, a TRM made of eight antennas 
‘operating at a central frequency of 245 Giz 
ith a bandwidth of 150 MHz was able to focus 
‘on a2 focal spot insidea reverberant chamber 

‘Our approach to recover evanescent waves is 
random distribution of subwavelength 
sar field of the source. By dif- 


smalbaperture 
ne-reverseal W 


to place 
scatterers in the 9 


field and the 
theorem of generalized reciprocity between evar 
escent waves and propagating waves (/9), the 
part of the far-field time-reversed wave originat 
ing from the evanescent waves of the source is 
‘converted back into the initial evanescent com. 
ponents, which thus participate in the refocusing 
process. In contr 
waves are not enhaneed here 
se recovered in the back-propagation 
step of the time-reversal process. 

‘We have applied this idea to microwaves. A 
source consists of a wire antenna operating at a 
central frequency of 2.45 Giz (ie., A= 12 em), 


Fig. 3. Transmission of a 
«olor image. Transmission of 
a color image between a 
three-antenna TRM and a 
three-antenna receiving array. 
The original image is encoded 
‘on three RGB channels, and 
the three corresponding bit- 
streams are sent from the 
three antennas of the TRM. 
With a classical receiving ar- 
ray, the image is gray after 
decoding (A) because the 
three antennas coding for the 
red, green, and blue channels 
receive the same signal. With 
a microstructured receiving 
array, the red, green, and blue 
signals are focused indepen- 
dently on the three receiving 
antennas, although these lat- 
ter are 3/30 apart from each 
‘other. The relative weights be- 
tween the RGB channels are 
thus preserved and the color 
image is restored (1 


To convert the evanescent waves into propagat- 
W waves, the antenna is surrounded by 
microstructure consisting of a random distribu. 
tion of thin copper wires located in the near field 
of the antenna (sce details of one antenna 

Fig. I. B and C). In our experin 
sider cight possible focusing points placed in a 


01 0.15 
position in 2 


02 


reversed and sent back from the TRM. (E) In full ine are shown the focusing 
spots obtained around antennas 3 and 4. Their typical width is 2/30. Thus, 
antennas 3 and 4 can be addressed independently. The focal spots obtained 
when there are no copper wires are shown for comparison (dashed-dotted 
line). All maxima have been normalized by scaling factors in the ratios: 1 (red 
and blue dashed-dotted lines), 2.2 (red full line), 2.5 (blue full line). 


strongly reverberating chamber (Fig. 1). Eight 
nded by a random 
at these eight locations 
so that they can be used in the initial step of the 
time-reversal process, The distance between two 
agjacent antennas is 1/30. These eight antennas 
form an array that will be referred to as the re 
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ceiving amay. ATRM made of eight commer- 
cial dipolar antennas ix placed in the far field, 
10 wavelengths away from the receiving array 

(The electronic part of the setup is deseribed in 
fig. SI.) When antenna 3 sends a short pulse 
(10 ns), the eight signals received at the TRM 
‘are much longer than the initial pulse because of 
strong reverberation in the chamber (typically 
500 ns). An example of the signal received at 
‘one of the antennas of the TRM is shown in Fig. 

\ When antenna 4 is used as a source, the 
‘signal received at the same antenna in the TRM 
(shown in Fig. 2B) is considerably different, 
although sources 3 and 4 are 2/30 apart. When 
als are time-reversed and transmitted 
ws waves convenge respectively 
to antennas 3 and 4, where they reereate pulses 
as short as the initial ones (Fig. 2, C and D), 

Measuring the signal received at the other 
antennas of the receiving array gives aecess 10 
the spatial focusing around antennas 3 and 4 
(Fig. 2E). The two antennas can now be 
axldressed independently, because the focusing 
‘spots ereated around them are much smaller than 
the wavelength (typically 430), The diffraction 
limit is overcome, although the focusing points 
are in the far fick! of the TRM. 

The origin of the diffraction limit, and the 
ay to overcome it, can be revisited by using the 
time-reversal concept and the Green's function 
formalism, without the explicit use of the evanes- 
ent wave concept (20-22). The time-reversed 
wave, generated by a closed TRM, which con 
Verges 10 its source, is always followed by a 
spatially diverging wave duet energy flux 
‘conservation, Because the fica spot results from 
the imterference of these Ivo Waves, the time 
reversed fiek! can always be expressed (for a 
monochromatic wave) as the imaginary part of 
the Green's function (22), Ina homogeneous 
medium, the imaginary part of the Green's 
function ascillates typically ona wavelength 
scale. To ereate focal spots much smaller than 
the wavelength. one introduces subwavelength 
seatterers in the near field of the source. Thi 
fore the spatial dependence ofthe imaginary part 
‘ofthe Green's fimetion is modified to oscillate on, 
scales much smaller than the wavelength. 

A promising application of time-teversal 
subwavelength focusing is telecommunications. 
‘One way that has been propased to inerease the 
data rate of a communication system is to use 
rmoultiantenna arrays at both transmitter and re 
ceiver (23); different bitstreams sent from cach 
antenna of the transmitting array can be decoded 
atthe receiving amay under the condition thatthe 
medium creates sulicient scattering. It is also 
‘generally stated that the spacing between the 
receiving antennas must be larger than i 
If these two conditions are fulfilled, the global 
maximum error-free data rate, or “Shannon 
Capacity." is at best multiplied by the number 
‘of transmitting antennas. Such methods are 
referred to as MIMO (multiple input-multiple 
‘output), However, from a practical perspective, 


itis difficult to ensure that the distance between 
antennas can be made large enough for this re 
quirement to be satisfied. This difficulty is typ- 
ically encountered when antennas are placed in a 
laptop and the telecommunication wavelengths 
are on the centimeter scale (e.g.. Bluetooth or 
Wi-Fi. An illustration of the benefit of time- 
reversal subwavelength focusing to overcome 
this difficulty is given in Fig. 3. A three-antemn 
TRM is used to transmit a color picture to a 
three-antenna receiving array. The original 
picture is encoded onto three RGB (red-green- 
blue) color channels. Each comesponding figure 
is represented by a bit series giving the gry 
levels of each pixel on that particular chann 
Then the simplest modulation is used (a positive 
pulse for bit 1, a negative one for bit 0) to create 
Uhroe bitsticams with a data rate of SO Mbit’s 
cach. The intended global data rate is thus 150 
Mbit’s. Time reversal is usod to focus each bite 
stream onto one of the antennas (one antenna for 
«each color) of the receiving array. Then the three 
bitstreams are decoded and mixed to reconstruct 
the color image. The communication is per- 
forma with two kinds of receiving arrays. The 
first is “classical”; it consists of throe dipoar 
antennas with a 230 spacing. The sccond is a 
microstructured antenna array analogous 10 the 
‘one previously described (Fig. 1). I turns out that 
the image reconstructed with the classical array is 
‘gray-scaled: Its colors are lost. Indeed, subwave- 
Jength spaced antennas are strongly coupled, that 
is, they essentially receive the same signal 
Hence, each transmitted pixel is gray because 
the three different antennas comespeanding to the 
three different color channels receive the same 
gray keels. However, when the microstructure 
receiving array is used, each color stream focuses 
independently at each antenna. Consequently, the 
relative weights of the RGB components of cach 
pixel are preserved and the image is transmitted 


‘without major losses. This experiment shows that 
‘our approach allows one to inerease the infor 
‘mation transfer rate to a given volume of space. 
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Redefining the Age of Clovis: 
Implications for the Peopling 


of the Americas 


‘Michael R. Waters** and Thomas W. Stafford Jr. 


The Clovis complex is considered to be the oldest unequivocal evidence of humans in the Americas, 
dating between 11,500 and 10,900 radiocarbon years before the present (4C yr B.P.). Adjusted *4¢ 
dates and a reevaluation of the existing Clovis date record revise the Clovis time range to 11,050 to 
10,800 *C yr BP. In as few as 200 calendar years, Clovis technology originated and spread throughout 
North America. The revised age range for Clovis overlaps non-Clovis sites in North and South America. 
This and other evidence imply that humans already lived in the Americas before Clovis. 


thought that small bands of humans carry 
ing a generalized Upper Paleolithic too! kit 
‘entered the Americas around 11,500 radiocarbon 
‘years before the present (4C yr BLP) and that 


F: nearly $0 years it has been generally 


these first immigrants traveled southward through 
the ice-free corridor separating the Laurentide 
and Cordilleran lee Sheets (1). These people 
developed the distinetive lithic, bone, and ivory 
tools of Clovis (2, 3) and then quickly populated 


23 FEBRUARY 2007 VOL 315 SCIENCE wewsciencemag.org 


‘the contiguous United States. Clovis humans and 
‘their descendants then rapidly populated Central 
America and regched southemmost South Amer- 
ica by 10,500 8C ye BP.(/). 

entifying when the Clovis complex first 
‘appeared an! knowing the complex’s duration is 
critical to explaining the origin of Clovis, eval- 
Uuating the Cloviseirst model of colonization of 
the Americas, determining the role of humans in 
the extinction of lite Pleistocene meyafiuna, 
and assessing whether people inhabited the 
Americas before Clovis. We determined a more 
accurate time span for Clovis by analyzing the 
revised existing Clovis “C date weord and 
reporting high-precision accelerator mass spec 
trometry (AMS) MC ages from previously dated 
Clovis sites, Our AMS "C dates are on 
culturally specific organic mutter—bone, ivory, 
an! seeds that accelerator muss spectrometers 
‘can date accurately (4, 5) precisions of 30 
‘years at 11,000 BC yr BP 

Clovis technology has sting Okt World an- 
tccadents, but Clovis-speciic traits (eg. fluted 
lanceolate projectile points) probably originated 
in the New World, south of the continental ice 
sheets (3), Clovis tools and debitage identity 
and unify archaeological sites over a broad goo- 
graphic range. Clovis sites and artifacts cluster 
in North: America, especially in the contiguous. 
United States (J). A small number of Clovis 
artifacts have been recovered from Mexico and 
possibly as fir south as Vencatels (6). Even 
‘though Clovis covers a broad geographic range, 
‘only 22 Clovis sites in Noeth America haye been 
directly MC-dated (Fig. 1, Table 1. and table $1). 
‘The MC dates from these sites traditionally place 
Clovis between 11,500 and 10,900 8C yr BLP. 
(1.7.8) However, the MC dates from LL of these 
sites are problematic and donot provide accurate 
‘or precise chronological information to determine 
the age of Clovis (5) 

Three sites: (East Wenatehee, Washington: 
Blackwater Draw, New Mexico: and Cactus 
Hill, Virginiay have Clovis diagnostic antifacts 
‘but lack precise ayes (5). Three sites (Lubbock 
Lake, Texas: Kanorado, Kansas: and Indian 
Crock, Montana) fall within the Clovis age 
range but lack diagnostic Clovis artifacts (5). 
‘The site of Sheriden Cave, Ohio, provides only 
bracketing ages for Clovis artifacts (5). Ques 
tions exist about the accuracy of the “MC dates 
from Aubrey, Texas (5), where diagnostic Clovis 
artifacts were found We obtained three dates 
from the Sheaman site, Wyoming, that aver- 
aged 10,305 = 15 “C yr B.P. These dates in- 
dicate that the Clovis context at Shearman is 
‘mixed with younger cultural materials (5). Final- 
|y, associations between Clovis anfvets and 
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4C-dated faunal remains at two sites (Wally’s 
Beach, Canada: and Union Pacific. Colorado) 
are unresolved (5). Because of these problems, 
‘we excluded the dates from these sites in assess 
ing the age of Clovis, 

This kaves 1 sites with a total of 43 4C 
dates (Table 1 and table S1) (5). These sites 
have assemblages of Clovis antifacts in secure 
sites (Anvick, Montana; Palco Crossing, Ohio: 
Lehner, Arizona; Murray Springs, Arizona; and 
Jake Blufl, Oklahoma) already have high- 
precision “C dates on credible materials We 
‘obtained nine new ages from soeds and highly 
purified bone and ivory collagen for five 
imprecisely dated sites (Lange-Ferguson, South 
Dakota; Dent, Colorado; Domebo, Oklahoma; 
‘Shawnee-Minisink, Pennsylvania: and Colby, 
Wyoming) (4, 5). In adkition, we obtained five 
ages on human remains from the Anaick site, 
Montana (5), We attempted w date samples 
from Sloth Hole, Florida, but the samples 
contained no collagen, 
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‘These 43 “C dates place the beginning of 
Clovis at ~11,050 8C yr B.P. (reducing former 
‘estimates by 430 “C years) and its end at 
~10.800 ¥C yr BP. (younger than previous 
cstimates by 100 $C years). Accurate calendar 
‘convlation of “C ages from the Clovis time 
period iy not curently possible hecause of 
cortelation uncertainties (9), The Clovis-period 
segment of the INTCALOS calibration is based 
fon #Cdated maine foraminifera and isnot 
accurate for the Clovis time petiod (10), The 
most accurate calibration for this time period is 
Provided by a floating European tree-ring 
chronology that is provisionally anchored to 
INTCALO4 (//), Using this tentative calibration: 
(1), we estimated that Clovis has a maximum 
possible date range of 13,250 to 12,800 calendar 
yr BP.-a span of 450 calendar years (Fig, 2). 
[By taking the youngest possible calibrated age 
far the oldest Clovis site and the oldest possible 
calibrated age for the youngest Clovis site, a 
minimum range for Clovis is calculated as 
13,125 t 12,925 calendar yr B.P.—a span of 


Fig. 1. Map showing the location of Clovis and other early sites. The numbers correspond to those 
“To whoo correspondence should be addressed, Ema: found in Table 1. Other sites are 31, Monte Verde, Chile; 32, Nenana Complex sites, Alaska; and 


33, Broken Mammoth, Alaska. 
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200 calendar years. The ages forall Clovis sites 
‘overlap within this 200-year period, and this 
time span probably represents the truc range of 
Clovis. However, the absolute calendar place 
ment of the Mloating tree-ring record is disputed 
(22). By an alternative calibration (12), the 
maximum time range for Clovis is 13,110 to 
12,660 calendar yr B.P, and the minimum time 
range is 12,920 0 12.760 calendar yr BP. (Fig. 3). 
Regardless of the exact calendar dates, the 200- 
Year duration for Clovis remains secure because 
ihe floating dendrochronological sequence pro- 
vides calendar-year separations between two 
“Codated sites. 

The oldest Clovis sites (n= 3 sites) are 
Jocated in Montana, South Dakota, and Flori; 
‘younger Clovis sites are located in the interior 
(n= 3) of the United States and in the South 
west (”/= 2) and East (= 1). The distribution 
‘of dated sites shows no clear indication of north- 
south or eastwest age differences that woul! 
indicate movement of people in one direction oF 
another, Instead, Clovis technology seems. 10 
have appeared synchronously across the United 
States at ~11,050 #C yr B.P. This pattem of 8C 
dates. is compatible with wo contrasting 
hypotheses. 
ist tis pattern could support the ida that 
there was a rapid spread of Clovis people across 
an empty continent, Demographic models sug- 
gest that people exiting the ice-five corridor 
coukl have occupied the contiguous. United 
States within 100 years or less (13), Although 
there is much speculation about a coastal mi- 
gration of the first Americans from both Asia 
and Europe (74, 15), the revised date range for 
Clovis reopens the possibilty of a Late Glacial 
migration through the ice-free coridor that sepa 
rated the Laurentide and Contilleran Ice Sheets. 
People could have easily traveled through the 
ice-free corridor after ~11,500 8C yr BP. (I) 
at least 200 calendar years before the oldest 
known Clovis date. The biface and blade in- 
dustry of Nenana (76) was well established at 
the Broken Mammoth site, Alaska, 10 11,770 
210 $C yr BP. (WSU-4351)—at least 300 


Clovis date, The 
shows strong simibirities 10 the Clovis lithic 
assemblage (7). It is possible that either 
{enana people or others with a biface and blade 
industry traveled through the corridor, and once 
south of the ice sheets, they developed the 
technological hallmarks characteristic of Clovis 
and spread rapidly across the continent. 

‘An altemative interpretation is that the in- 
stantancous appearance of Clovis across North 
America represents the rapid spread of Clovis 
technology through a preexisting but culturally 
and genetically undefined human population in 
North America (/8). In this case, Clovis 
technology could have been introduced to this 
population through a Late Glacial migration of 
Clovis or Clovis progenitors or developed in 
situ from a pre-Clovis technology already in the 


Americas. Regardless of which hypothesis is 
correct, our revised chronology indicates that 
Clovis technology spread rapidly 

Faunal remains associated with dated Clovis 
sites constrain the timing of the extinction of 
Proboscidcans at the end of the Pleistocene. 
Mammoths and mastodons were an important 
source of food and raw materials used to 
manufacture bone and ivory tools (3), as well 
a perishable items from soft tissues. Probosci- 
dean remains are associated with seven of the 
welldated Clovis sites (Lange-Ferguson, Sloth 
Hol, Dent, Domebo, Lehner, Murray Springs, 
and Colby), and the last occurence of mam- 
moth in the United States is dated at ~10,900 
C yr BP. Afier this time, Clovis and sites of 
other complexes (eg, Goshen and Folsom) 
contained only bison and other extant species. 


The extinction of mammoth and mastodon 
‘vincides with the main florescence of Clovis. 
‘Our revised ages for Clovis overtap dates 
fiom a number of North American sites that are 
technologically or culturally not Clovis. The 
carliest dated sites of the Goshen complex (Mill 
Iron, Montana: and Hell Gap, Wyoming) (/9) 
overlap the age range of Clovis (Figs. 2 and 3, 
and Table 1, and table $1). This indicates that 
Goshen is cither coeval with the entire range of 
Clovis or briefly overlaps the later stages of 
the Clovis time period. Clovis also overlaps 
the date for the Arlington Springs human ske 
ton fiom Santa Rosa Island, California ( 
2 and 3 and Table 1) (20), No artifacts were 
found with the Arlington Springs human re- 
‘mains, and his cultural affiliation is unknown, 
‘The presence of human remains on Santa Rost 


Table 1. Summary of **C dates from Clovis and Clovis-age sites. Single *C dates, date ranges, and 
averaged dates are reported. f multiple “C dates were available from a single-component site, the 
dates were averaged with the method in (28). All dates are given at 16 SD. n, number of dates. 


site Date 
4c yr BP.) 
Clovis sites (credible ages and Clovis diagnostics) 
1. Lange-Ferguson, SO (n = 3) 11,080 + 40 
2. Sloth Hole, FL (n= 2) 11,050 + 50 
3. Antick, MT (loreshaft ages) (n= 2) 11,040 = 35 
4. Dent, CO (n= 3) 10,990 = 25 
5. Paleo Crossing, OH (n = 3) 10,980 + 75 
6. Domebo, OK (n = 2) 10,960 + 30 
7. Lehner, AZ (n = 12) 10,950 + 40 
8. Shawmee-Minisink, PA (7 = 5) 10,935 + 15 
9. Murray Springs, AZ (n = 8) 10,885 + 50 
10. Colby, WY (n = 2) 10,870 + 20 
12. Jake Bluff, OK (n = 3) 10,765 = 25 
Clovis sites (indirectly dated and Clovis diagnostics) 
12. East Wenatchee, WA (n = 1) 112s + 130 
Clovs-oge sites (credible ages but no Clovis diagnostics) 
13. Indian Creek, MT (n = 2) 10,980 + 110 
14. Lubbock Lake, TX (n = 2) 11,100 60 
15. Bonneville Estates, NV (n = 2) 11,010 + 40 
16. Kanorado, KS (n = 2) 10,980 + 40 
17, Artington Springs, CA (n= 2) 10,960 + 80 
Problematic Clovis and Clovis-age sites 
18. Sheriden Cave, OH (above artifacts, a = 5) 10,600 + 30 
Sheriden Cave, OH (below artifacts, n = 2) 10,920 + 50 
19. Blackwater Draw, NMM (n = 3) 11,300 + 235 
20. Cactus Hill, VA (n= 1) 10,920 = 250 
21. Wally’s Beach, Canada (n = 4) 11,350 = 80 to 
10,980 + 80 
22. Union Pacific, WY (n= ) 11,280 = 350 
23, Aubrey, TK (n = 2) 11,570 = 70 
24, Sheaman, WY (n = 3) 10,305 + 15 
‘Ages from other early sites 
25, Mill Iron, MT (Goshen) (n = 4) 10,840 + 60 
26. Hell Gap, WY (Goshen) (n = 1) 10,955 + 135 
27. Cervo Tres Tetas, Argentina 10,935 + 35 
(pre-Fishtal, n = 5) 
28. Cuevas Casa del Minero, Argentina 10,985 = 40 
(pre-Fishtail, n = 2) 
29. Piedra Museo, Argentina (pre-Fishtail, n = 2) 10,960 + 45 
30. Fell’s Cave, Chile (Fishtail, n = 2) 11,000 = 170 
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Island is unequivocal evidence that water crafts 
were used during Clovis time and that a Pacific 
‘maritime-coastal adaptation was probably con- 
temporancous with Clovis. At Bonneville Estates 
Rockshelter, Nevada (21), the earliest date from 
a series of hearths is coeval with the Clovis time 
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period and is associated with stone artifacts. 
Diagnostic artifacts have yet to be found at this 
level, and itis unknown whether this early hori- 
‘20m is associated with Clovis or stemmed points 

‘Several sites in South America have yielded 
MC dates that are coeval with Clovis (Figs. 2 


Fig. 2. Calendar-year age ranges for Clovis and other early sites based on the European 


dendrochonological calibration (11) at 16 SD. 
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(22) at 16 SD. 


3. Calendar-year age ranges for Clovis and other early sites based on the Fairbanks calibration 
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and 3). These include the early archaeological 
horizons at Corto Tres Tetas, Cueva Casa del 
Miner, and Piodra Museo, Argentina, and the 
caliest Fishtail point horizon at Fell’s Cave, 
Chile Fig. 1, Table 1, and table $1) (8, 22), The 
actual calendar dates of these South American 
sites may be slightly more recent because 
Southem Hemisphere samples have a lower 
initial “C content than contemporancous sam- 
pis in the Northern Hemisphere, This lttudi- 
nal difference causes Souther Hemisphere 
terrestrial materia to be S 10 80 MC years 
older than contemporaneous samples in North 
America (23). The extent of this interhemi- 
sphere offset in ¥C years for the Clovis time 
period is unknown, but it is probably less th 
80 years, Even with an 80-year comection tothe 
SC dates from these four sites, Clovis, Fishtai 
nnd other early complexes in the Southem Cone 
‘of South America are sill contemporancous, 

The presence of non-Clovis sites that are 
contemporangous with Clovis in both Nort and 
South America implics that Clovis docs not 
represent the earliest occupation of the Am 
icas. It would probably have taken a minimum 
‘01 600 to 1000 years for the frst Palcoamericans 
and their descendents to travel by land from the 
southern limit of the ice-free corridor t Tierra 
el Fuego (/3, 24)—a distance of over 14,000 km 
(ig. 1), However, at most 300 to 380 calendar 
yeas separate the oldest possible date for Clovis 
and the youngest possible ages from the we 
dated uncquivocal sites in southemmost South 
‘America (Figs, 2 and 3). The difference is ne- 
duced to 200 calendar years, when the mini- 
‘mum date for the beginning of Clovis in North 
America and the youngest dates for the sites in 
South America are considera, I is highly ime 
probable that within 200 to 350 calendar years, 
people entered North America: adapted to biomes 
ranging from artic tundra to grasslands, desens, 
and_rainforests; 
reached the southom tp of Soh America wih 
the span of 10 t0 18 human generations. This 
suuggests that human population already existed 
in the New World before Clovis. 

There is an emerging archacological recon 
that supports a pre-Clovis human oceupation of 
the Americas. Stone tools and butchered mam- 
moth remains dating 10 ~12,500 "C yr BP. 
hhave been found at the Schaefer and Hebior 
sites in Wisconsin (25, 26). Oller, butchered 
‘mammoth remains dating to 13,500 MC yr BP. 
aye been rooovered fom the Mud Lake sie, 
Wisconsin (25, 26), In South Ameria, humans 
sppcer ti Hive boar pictenl 9f'12.500. °C be 
BP. at Monte Verde, Chile (27). The 
‘logical data now show that Clovis does not 
represent the earliest inhabitants of the Amer= 
ieas and that a new model is needed to explain 
the peopling of the Americas. 
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Quantitative Phylogenetic Assessment 
of Microbial Communities in 
Diverse Environments 


C. von Mering,’* P. Hugenholtz,? }. Raes,” S. G. Tringe,? T. Doerks,* 


L. J. Jensen,” N. Ward,” P. Bork't 


The taxonomic composition of environmental communities is an important indicator of their 
‘ecology and function. We used a set of protein-coding marker genes, extracted from large-scale 
‘environmental shotgun sequencing data, to provide a more direct, quantitative, and accurate 
picture of community composition than that provided by traditional ribosomal RNA~based 
approaches depending on the polymerase chain reaction. Mapping marker genes from four 
diverse environmental data sets onto a reference species phylogeny shows that certain 
‘communities evolve faster than others. The method also enables determination of preferred 
habitats for entire microbial clades and provides evidence that such habitat preferences are 


often remarkably stable over time, 


‘croorganisms are estimated 10 make 
Mineo of Es 

Diomass (/). They play essential oles 
in the eycling of nutrients, interact intimately 
\with animals and plants, and directly influence 
Earth's climate. Yet our molecular and physio- 
logical knowledge of microbes remains surpris- 
ingly fragmentary, largely because most naturally 
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‘occurring microbes cannot be cultivated in the 
laboratory (2). 

F 
cellular life, the first step is to provide a tax- 
‘onomie census of microbes in their environments 
(5-6), This is usually achieved by cloning and 
sequencing their ribosomal RNA (rRNA) genes 
(most notably the 168/185 small subunit FRNA). 
This approach has been extremely successful in 
revealing the overwhelming diversity of micro- 
‘ial fife (7), butt also has some limitations due to 
‘quantitative errors: The polymerase chain reac 
tion (PCR) step introduces amplification bias, 
and it yenerates chimeric and otherwise emo 
neous molecules that hamper phylogenetic anal- 

is (8. Y. 


characterizing this “unscen majority” of 


Shotgun sequencing of community DNA 
('metagenomics”) provides a more dirwet and 
unbiased access to uncultured organisms (10-13) 
No PCR amplification step is involved, and be- 
‘cause no specific primers oF sequence anchors re 
neal, even Very uinustel organisms ean be cap 
tured by this technique, Akhough cument metage- 
nomics ditt are stil not entirely free of quantitative 
distortions (mostly due to sample preparation), 
remaining biases are bound to diminish further 
\with the optimization of yield and reproducibility 
of DNA extraction protocols (/4-16). 

To make use of metagenomics data for 
taxonomic profiling, we analyzed 31. protcin« 
coding marker genes previously shown to 
provide sufficient information for phykagenetic 
analysis [they are universal, occur only once per 
genome, and are rarely transferred horizontally 
U7), We extracted these marker genes. from 
metagenomics sequence data (9), aligned them 10 
a setof hand-curated reference proteins, and used 
‘maximum likelihood to map each sequence to an 
extemally provided phylogeny of completely 
sequenced organisms [tree of fife: we used the 
‘wee from (17), although any reference tee ean be 
used as Jong as the marker genes have been 
sequenced for all is taxa). Our procedure pro- 
vides branch length information and confidence 
ranges for each placement (18) (Fig. 1), allowing 
statements such as “This unknown sequence 
evohes relatively fist, is from a protcobacterium 
(95% confidence), and more specifically, prob- 
ably froma novel clade related to the Campylo- 
bacterales (65% confidence)” The procedure 
‘weighs the number of informative residues that 
are found on each sequence fragment, then ad- 
juts the spread and confidence of its placement 
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in the tree accondingly [after alignment, concat- 
nation, and gap removal, the number of 
remaining informative residues ranges from $0 
to more than 3000 per sequence fragment (9). 
We have implemented the entire phykygenetic 
assignment protocol as an automated software 
Pipeline with a Web interface that allows sub- 
‘mission of sequences online (hitp:/MLtreemap. 
semble), 

Jackknife validation of our method [is., 
Jeaving out vanious parts of the reference tree 
and measuring the consequences on placement 
accuracy (9)] showed thatthe performance of our 
method depends on the completeness and balance 
‘of the reference tree: The lager the phylogenetic 
distance to any known relative of an environ- 
mental sequence, the less precise isis placement. 
Overall, the mapping precision is remarkably 
2004, as long as each sequence has some relative 
from the same phylum among the reference 
genomes (fig, S2). In contrast, BLAST-hased 
assignments of taxonomy based on “best hit” a 
frequently used method, are more error-prone: 
For example, more than 10% of the sequences 
change 10 a different domain of life (e.. 
changing assignment from Bacteria to Archaca) 
‘upon removal of the phylum to which they orig- 
inally mapped; with our method, such changes 
aarereduced 100.1% (lig, S2). Moreover, because 
the best BLAST match always assigns a single 
‘onganism as the most likely phylogenetic neigh- 
bor, it does not specify the level of relatedness 
(eg. class 
needed to trace organisms in their prefered 
habitats and through time, 

Inone of the recent, large-scale metagenomics 
sequencing projects (/2), traditional PCR-based 
assessment oF L6SFRNA molecules was executed 
in parallel to the shotgun sequencing. This en- 
abled us 10 compare our approach to this currently 
most widely used experimental method for phy 
Jogenetic profiting of environments. Overall the 
relative abundances of phyla as reported by bots 
methods were broadly similar, although the 
metagenomics approach appears quantitatively 
closer to the tnith, as an be measured by comn- 
parison to RNAs that are contained directly in the 
PCR-independent shotgun reads (9. The PCR- 
based approach presumably suffers from ampli- 
fication biases and from copy number variations 
among FRNA genes in bacteria (/9) but benefits 
from an exhaustive coverage of phyla among 
known rRNA sequences, In contrast, the ap- 
proach We present here requires fir more re- 
sources in terms of sequencing nx! computation, 
but, atleast for phyla already represented among 
fully sequenced wenomes, it is noticeably: more 
‘quantitative, Our approach should essentially be 
seen asa by-product of metazenomics sequencing 
‘projects, which are usually conducted for func- 
tional purposes [see (Y) for a discussion oF the 
strengths, weaknesses, and complementaritics of 
‘both approaches}, 

We applied our procedure to four largc, Int- 
‘erogencous data sets of microbial community se- 


‘quences derived from distinct and georraphically 
separate environments (//-13). The consistent 
‘ucatment of the data allowed us to quantitatively 
‘compare habitat preferences in the context ofthe 
tice of fife (Fig. 2 and fig. SI see abo fig. $3 for 
robustness estimates) 

Overall, we observed a remarkably uneven 
representation of previously sequenced genomes 
in naturally occurring communities. Some parts 
the tee of life (such as the Streptococci or the 
jrobacteriales) are well covered by published 
‘genome sequencing projects, but they represent 
‘only a small fraction of naturally occurring mi- 
crobes. Conversely, entire phyla such as the 
Acidobacteria or the Chloroflexi are poorly 
represented among the sequenced genomes but 
are widely abundant in natural communitics, 

In agreement with (20), we found Protcobacte- 
ria to be the mast dominant phylum of microbial 
life in both marine and soit environments (Fig. 2). 
However, as is the case with other phyla, marked 
differences within the Proteobacteria were appar- 
cent relatives of the Rickettsial, for example [in- 
<chating the marine genus Pelagibucter (22), were 
mmstly found in the surface-water samp whereas 
relatives of Rhizobales or Burkhokdcriales were 
mostly found in the soil sample. We observed 
surprisingly few endospore-forming organisms 

the community sequences: Both Bacilli and 
Clostridia were quite rare; their largest combined 
abundance was a mere 1% (in soil). Similarly, 
Actinobacteria (many of which havea spore stage) 
ranged from being virtually absent in the acidic 
mine drainage biofilm 10 only 62% in the soil 
sample. It is conceivable that spores are under 
represented in the data (they may withstand the 
DNA extraction protocols), but, at least among the 
Vegetative, actively growing cells, spore-formers 
appear to be a minority 
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(Quantitative analyses of relatively rare phyla 
as, for example, in the ease of the spore-formers 
mentioned above—can potentially suffer from 
limited sampling. Although our approach used 
31 marker genes with a total of about 7500 amino 
acid residues per genome, low-abundance orga- 
nisms might be represented by only a few of 
these (the total number of sufficiently complete 
marker genes usable for our approach ranged 
fiom 247 for the smallest data set to 15,741 for 
the largest data set). We quantified the potential 
‘undersampling errs by jackknife and bootstrap 
analysis (lig. $3), These tests showed that, forthe 
wont case of a low-abundance clade in the 
smallest data set, the quantitative eror due to 
‘undersampling was on the order of S0% (fig, $3) 
However, such errors are bound to decrease with 
the expected rise in sequencing depth facilitated 
bby tclinological advances. n addition, even fora 
Jow estimate such as the 1% abundance men- 
tioned above for Bacilli and Clostrigia, the 
‘current data support a 93% confidence interval 
of 0,995 to 2.153%, meaning that endospore- 
formers are indeed rare in soil and ane not just 
undcrampled. Generally, none of the results 
reported here would change much if al data sets 
had as many as 15,000 marker genes sampled (in 
particular because we donot comment on 


iidual species), 

Almost all phicements of environmental 
sequences occurred at relatively deep, intemal 
‘nodes in the reference tree; only a few could be 
placed towand the tips as clase relatives of the 
cultured and sequenced genomes. Indeed, the 
average sequence similarity of the “best hits” of 
environmental sequences to sequenced genomes 
‘was usually Hess than 60% (for soil, the median 
‘entity, was omy 47%). This dissimilarity was 


‘identity phylogenetically Fig. 1. Assessing com- 
informative marker gones in amine munity taxonomy from 
‘environmental ONA fragment ‘metagenomics sequence 
data. The diagram de- 
picts how a restricted set 


of matker genes can be 
used for phylogenetic 
characterization of com- 
munity microbes from 
poorly assembled se- 
quence data, Instances of 
the marker genes are 
sought in the sequences 
and assessed relative tan 
external tree-ofdife phy- 
‘ogeny with the use of max- 
‘num kethood scoring, A 
central step in the map- 
ping procedure i the as- 
sigament of a confidence 
range for each placement, 
thereby avoiding over- 
confident placement of 
sequence fragments that 
are short or othenise 
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Fig. 2. Habitat-phylotype associations and their 
stability in time. (A) Four microbial communities 
‘are mapped onto the same reference tree. Pie 
ccharts represent the various environments in 
which a particular tree clade has been observed. 
I there is a clearly preferred habitat, lines are 
«colored accordingly (9) (B and C) Habitat prefer- 
‘ence overtime. (B) Comparison of rRNA sequences 
{rom public databases, indicating the similarity 
‘of habitats from which they were sampled. (C) 
‘Comparison of cultured microbial strains, plotting 
habitat similarity against their level of relatedness 
in the NCBI taxonomy. For the taxonomic level of 
‘order, and all closer relations, the difference is 
highly significant (P < 10), The tree-drawing 
algorithm is implemented for public use at (34). 


reflected in the maximum likelihood branch 
lengths: On average, more than 0.3 substitu 
tions per site have occurred since the branching 
from the reference tee. This corresponds roughly 
to the sequence divergence between Br and y- 
proteobacteria, which has been tentatively dated 
at-more than SOO million years ago (22-24), 
clearly enough time for functional capabilities 
and lifestyles to have changed, Thus the closest 
sequenced relative of an environmental microbe 
shoul generally not be considered as a reliable 
‘Buide for its phenotypes and! functions. 

‘The environments we analyzed contained & 
fw sequences that were placed unustally deep in 
the te (ie. basal to the three known domains of | 
life: Archaea, Bacteria, and Eukaryota). Upon 
closer inspection, we determined that most of 
these deep placements in fit originated fom 
Fineages not yet represented among sequenced 
‘genomes. Therefore itis likely that the remaining 
deep placements will alo find a home as soon as 
more lineages ane included in the reference tree, 
rather than belonging to. hypothetical “fourth 
domain” of ie 

‘The maximum likelihood! branch kengths, as 
measured by our method, provide detailed 
information on the eonimunity-Wwide distribution 
‘of evolutionary rates (that is, the rates at which 
mutations occur and are fixed). We therefore 


Fig. 3. Distinct evolutionary rates of 
environmental communities. Orgé 
nisms found in the surface waters of 


assessed, fr each sequence fragment placed into 
the tee, the cumulative branch length from the 
tip of its branch down to the base of the comre- 
sponding phylum, and compared these to the 
branch lengths ofall known reference onganisns 
in that same phylum, measured for the very gene 
families found on the fragment (Fig. 3; very 
deeply placed fragments are compared to all 
phyla in their sister clade). Although not all 31 of 
the marker genes were present for each onganism 
in the metagenomics data, the measurements of 
relative rates in cach gene family revealed distinct 
‘branch length distributions for the four en- 
Vironmental communities tested. These indicate 
that organisms at the occan surface evolve the 
fastest, whereas organisms in the soil evolve the 
slowest (Fig. 3). Large-scale trends like this, 
involving entire communities, were previously 
‘observed mainly for multicellular organisms fez. 
a dependeney between latitudinal geographic ke 
cation and mutation rates in plants (25), In the 
case of microbes, fast-evolving species were 
previously known in the contest of symbiotic or 
Pathogenic settings or in cases of extreme ge- 
home “streamlining” (21, 26). The more subtle, 
‘global variations in mutation rates reported here 
may be caused by differences in population sizes 
‘or generation times, or by the abundance of 

‘extemal mutagens (such as the strong fluxes of 
tulraviokst fight in ocean surface water). Notably, 
the ccan surface community is not only 
evolving the fastest it is albo the one with the 
smallest genomes (27). In the ease of soil. the 
apparent evolutionary stability at the sequence 
level is also consistent with intermittent periods 
of dormancy (for example, during winter andlor 
under desiccation). 

Our wwe-based mapping (with an implicit 
molccular clock) also allowed us to trace the 
habitat preference of microbial organisns through 
time, and thus enabled us 4 estimate how fre- 
quently lineages change their preferred environ 
ment. At short to intermediate evolutionary time 
scales, we observed! a noticeable stability of hab- 
itats: Many of the closer relatives in the tre 
showed the same environmental preference, ini- 


the Sargasso Sea have accumulated, jon 
fon average, the largest number 

mutations (i.e, evolved fastest), those z 

in the agricultural soil the fewest. For [placed toe 
‘each data set, the branch lengths of z | 

the placements are plotted as dots. i 

Each branch length is expressed rela~ ard erg 

tive to the median of branch lengths (sca relive ra of hope) 

‘of known genomes in the same phy- = 7 
lum, or against all phyla in the sister Contaled 

clade in the case of very deep place- (cin of own reves. 

ments, The quantiles 5%, 25%, 50% marae 


(median), 75%, and 95% are indi- 


‘cated. All data sets differ highly significantly (two-sided Kolmogorov-Smimov 
tests, P< 10°, except for the comparison of acidic mine drainage with whale 
bone: P <0.05). The number of data points underlying each distribution is as 


REPORTS [ 


cating that microbial lineages do not very offen 
change (or specialize) thei lifestyles and habitats 
Fig 2). Comersely, at longer time scales, we did 
ebserve notable changes of prefered habitats — for 
example, within diverse lineages of at least 10 
phyla, namely Proteobscteria and Cyanobacteria: 
this is consistent with the observed morpholog- 
ical and ecological variability of cultured isolates 
fiom most phyla. In the case of Cyanobacteria, 
‘we identified relatives of the fast-evolving and 
widespread Prochloreceeci in the ocean simple, 
‘whereas more basal, slower-evolving Cyanobac- 
teria such as Gloeobacter were mostly found in 
the soil samp! 

Even though molecular methods tend to find 
most phyla ubiquitously, Baas-Becking and 
Beyerinck postulated decades ago that microbial 
taxa have prefered environments: “for microbial 
taxa, everything is everywhere — but tI 
‘ment selects” [(28) and references the 
hypothesis posits that microorganisms ane fre= 
quently dispersed globally, and that they are ony 
subsequently selected by the environments on 
basis of their functional capacities, Existing 
communities would thus constantly be hak 
Jenged by intruders from nonspecialist pay that 


provide quantitative support for this hypothesis, 
showing strong environmental preference along 
lineages, but with a time-dependent decay, We 
confined and extended this finding by also 
analyzing habitat information available for 
cultivated strains in culture collections, as well 
a the large tuxly of publicly available rRNA 
sequence data. Both data sets provide informa 
tion about hundreds of habitats and allow an 
approximate ranking of lineage separation events 
in time, In the case of FRNA sequence data, 
‘branch length infomation can be analyzed using 
a global phylogeny of small subunit RNA so- 
quences, whereas in the case of cultivated stains, 
taxonomic assignments can be parsed forthe last 
tavonomic rank still shared (Y). Indeed, we ob- 
serve a remarkable ime-dependent stability. of 


Bs Ocean Stace Wator 


‘aie Mine Oranage 


‘ooo Sea Whale Boros 


Agpota So 


follows: ocean surface water, 15,741 genes on 9,286 contigs; acidic mine 
drainage, 275 genes on 148 contigs; deep-sea whale bones (three subsamples 
pooled), 630 genes on 362 contigs; agricultural soil, 598 genes on 395 contigs. 
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habitats and show that for any two microbial 
isolates, the similarity of their annotated habitat 
{as measured by automated keywort compar 
isons) is stnngly correlated to their evolutionary 
relatedness (Fig. 2, B and C). We observe such 
‘common habitat preferences surprisingly far back 
in time: Even strains related only at the level of 
taxonomic onder are still significantly more fie- 
quently found in the same environment than 3 
random pair of isolates (Fig. 2C). ‘Thus, mest 
microbial lineages remain associated with a cer- 
tain environment for extended time periods, and 
ssuecessfil competition in a new cavironment 
‘seems to be a rare event, The latter might require 
more than just the acquisition of a few essential 
functions; probably only a limited number of 


provide sufficient advantage, to be pervasively 

fered (32), For most other adaptations, 
Tuned regulation andor subte changes in. the 
majority of proteins may be needed, Because this 
is difficult to achieve, welladapted specialists 
‘might in fact rarely be challenged in their envi- 
ronment. This does not rule out the presence of a 
“long tail” of rare, atypical organisms in each 
‘environment (333), but most microbial clades do 
seem to have a preferned habitat 

Taken together, our altemative approach of 
taxonomic profiling of complex communities has 
sufficient resolution to uncover differences in 
‘evolutionary jes. as well 
as long-lasting habitat preferences for bacterial 
clades. The latter mises the question of how 
many distinct envitonmental habitats there are on 


Eanh—a factor that might ultimately detemnine 
the true extent of microbial biodiversity. 
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Staphylococcus aureus 
Panton-Valentine Leukocidin 
Causes Necrotizing Pneumonia 


‘Maria Labandeira-Rey,* Florence Couzon,?-* Sandrine Boisset,"* Eric L. Brown,’* 
Michele Bes,?> Yvonne Benito,?~* Elena M. Barbu,” Vanessa Vazquez,’ Magnus H6dk,” 
Jerome Etienne,?> Francois Vandenesch,?*t¢ M. Gabriela Bowden*tt 


‘The Staphylococcus aureus Panton-Valentine leukocidin (PVL) is a pore-forming toxin secreted 
by strains epidemiotogically associated with the current outbreak of community-associated 
imethicilin-resistant Staphylococcus aureus (CA-MRSA) and with the often-lethal necrotizing 
Pneumonia, To investigate the role of PVL in pulmonary disease, we tested the pathogenicity of 
clinical isolates, isogenic PVL-negative and PVL-positive S. aureus strains, as well as purified PVL, 
‘na mouse acute pneumonia model. Here we show that PUL is sufficient to cause pneumonia 
‘and that the expression of this eukotoxin induces global changes in transcriptional levels of genes 
‘encoding secreted and cell wall-anchored staphylococcal proteins, including the lung 
inflammatory factor staphylococcal protein A (Spa). 


the combined actions of many vinwlence 
| factors enable Staphylococcus aurens to 
“use disease (/. 2). Depending on these 

tors and on the immune status of the host, 
staphylococci can cause diseases ranging from 
superficial skin infections to deep-seated and 
‘systemic conditions such as osteomyelitis, septic 


shock, and necrotizing pneumonia. Staphylo- 
coccal necrotizing pneumonia can affect young. 
immunocompetent patients. This disease, char- 
acterized by leukopenia, hemoptysis, and ex- 
tensive necrosis of the lung tissue. is caused by 
‘S. aureus strains that produce Panton-Valentine 
leukocidin (PVL) (3). S. aureus PVL-positive 


strains are often methicilin-resistant (MRSA) 
and, in the USA, they are the predominant eause 
‘of community-associated infections (4), 

PVL is a bi-component, pore-formit 
toxin (5) that tangets cells ofthe immune system 
mmioephonuclear neutrophils (PMNs), 
PVL requites the assembly 0 
‘wo polypeptides, LukS-PV and Luk 
heterooligomeric pore. Although PV has potent 
cytolytic and inflammatory activities in vitro 
(6, 7) its role in necrotizing pocumonia has not 
been demonstrated. To analyze the molecular 
pathogenesis of PVL-expressing 8. aureus 
strains, we have established a murine model of 
acute primary pneumonia, 

We infected mice with strains isolated from 
necrotizing (PVL-positive) or nonneerotizing 
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Fig. 1. Expression of PVL enhances the virulence of isogenic S. oureus strains. (A, B, E,F, 1, and J) 
Lung histology of mice infected with PVL-positive and PVL-negative strains or inoculated with PVL toxin. 
The sections are representative of atleast three separate experiments. Scale bar, 100 um. (C, G, and KO 
Line graphs indicate weight loss in grams. (C) Parental versus PVL phage; *P < 0.001. (G) Parental 
‘versus APVL phage; no statistical difference observed. (K) Animals inoculated with 3 jg of LukS-+F-PV 
‘versus 5 jig LukS-PV; *P < 0.01 on day 1. (D, H, and L) Mouse survival. (0) Parental and PVL plasmid 
(H) PVL phage, APVL phage, and APVL phage PVL plasmid; (L) 20 jig oF 10 jug of LukS+LukF-PV 
versus 3 Ig LUKS-+LUKF-PV or 5 jg LukS-PV, *P < 0.0001. 


(PV Lencgative) staphylococcal pneumonia pa- 
tients (able $1), PVL-positive strains caused 
urine necrotizing pneumonia with manifesta- 
tions resembling human disease (fig. $1). In the 
PVL-positive strains, the fukS-PV and lukF-PY 
‘genes are organized as an operon withina phage 
(@SLT, or other similar phages) that could po 
Tentially contribute to the virulence of these 
the role of PVL, we developed 
strains (8). A PVL-negative. 
transformable S aureus strain was lysogenized 
With 6SLT oF with a mutated @SLT in which the 
PVL operon (luk-PY) was deleted. We com 
plemented the PVL-negative strains with a phas- 
mid containing the /uk-PV operon unter the 
control of its own promoter (lable SI). 

Mice infected with PVL-positive strains 
showed symptoms of severe illness: lethargy. 
hunched posture, nufiled fur, and. significant 
Weight loss. Lungs from infected mice were ex- 
amined 48 hours postinoculation. Tissue sec- 


tions from lungs infected with PVL-pasitive 
strains revealed a strong recruitment of neu- 
{rophils and significant inflammation in the 
ung parenchyma, bronchial epithelial damage, 
tissue necrosis, and hemomhage (Fig. 1 and 
table S2). The lungs infected with PVL-negative 
strains showed normal Iung structures. despite 
some Ieukoeyte infiltration. By contrast, when 
the PVL-negative strains were complemented 
with plasmid encoding PVL, we observed 
‘massive tissue damage and 35 to 80%» mortality 
Within 24 hours ater inoculation (Fig. 1 and fig. 
). We stained Jung sections using antibodies 
against LukS-PV (fig. S3) and showed that the 
toxin was detected in tissues infected with PVL- 


easing oquimolar 
amounts of native LukS-PV and LukF-PV re- 
sulted in concentration-dcpendent localized le- 
sions. weight loss, and, at concentrations higher 
than 3 yg. high rates of mortality (Fig. 1). The 
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protcin-inoculated mice recovered the last weight 
afier24 hours, whereas those infected with PVL- 
Positive bacteria were sill il at 48 hours (Fig. 1C 
‘compared with Fig. IK); these findings demon- 
strated that an active bacterial infection is 
required to cause severe morbidity. 

Previous studies have demonstrated that 
PVL-positive strains had increased adherence 19 
injured airway epithelium (3,9). To examine the 
‘expression of surface protcins in these strains, we 
‘examined by SDS-polyacrylamide electrophore- 
sis AGE) cell wall extracts and super- 
natants from cultures taken at both the expamcntial 
‘growth phase and the stationary growth phase 
(Fig, 2) Samples from a PVL-positive strain 
showed an enhanced expression of at least Wo 
cell wall-anchored_ polypeptides identified as 
Sar and protein A (Spa) by N-terminal se- 
‘quencing and Western analysis (Fig. 2, C 10 E, 
and fig. S4). The SdrD and Spa overexpression 
Was not observed in a strain camying the phage 
With the deleted /uk-PV operon, which indicated 
‘that this effet was not mediated by products 
encoded by other phage genes or by its insertion 
in the chromosome of S. aureus, PVL-negative 
strains complemented with the fuk-PVoperon in a 
muhicopy plasmid (table SI) also showed an 
increased expression of Spa during both loga- 
rithmic and stationary growth phases (Fig, 2). A 
{group of polypeptides with apparent molecular 
masses between 32 and 47.5 KD (Fig. 2B, dots) 
‘were present in the supematants from the PVL~ 
negative, but not the PVL-positive, strains, Some 
fof the ssereted polypeptides: were identified 
‘proteases by using zymograms (Fig. 2G), Thus, 
‘expression of the /uk-PV operon resulted in an 
altered regulation of cell wall-anchored and 
secreted protein production, 

‘Spa is a known virulence factor in mouse 
models of S. aureus infections, including pe 
monia (/9, 11): therefore, we examined the rote 
‘of Spa in necrotizing pneumonia, Animals in 
fected with the spadeleted isogenic strains had 
Jess severe symptoms of di 
fever, the lungs from animals is 
deleted, PVL positive strains showed localized 
lesions with massive leukocyte infiltration (fig. 
$5), which demonstrated that PVL alone was 
ssullicient to cause pneumonia. Complementation 
‘of Spa-positive stains with PVL rendered them 
Jethal, whereas the Spa-negative, PVL-plasmid 
strains did not cause mortality (Fig, 3B), These 
data suggested that PVL and Spa may act t0- 
gether to cause the ovenvhelming inflammtion 
and tissue damage that are seen in necrotizing 
prcumonia, 

PVL-positive strains expressed Spa during 
‘both exponential and stationary growth phases 
(Fig. 2), To analyze the eflect of PVL on yar 
transcription, PVL was introduced into mutants 
deficient in spa regulators. The Spa production 
‘was abolished in a sarS-deletion mutant (fig. S6), 
‘whether PVL was present or not, which indicated 
that PVL acts upstream of SarS. To evaluate the 
transcriptional profile of a PVL-positive strain 
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Fig. 2. PVL alters the expression pat- 
tem of cell wall-anchored and secreted 
proteins. (A to E) Lanes 2, 2, and 3 
Tepresent extracts from parental, APVL 
phage, and PVL phage strains respec~ 
tively; samples were isolated from 
bacterial cultures grown at exponential 
(EXP) and stationary (STAT) phases of 
growth, (AD Lysostaphin extracts ana- 
lyzed by SDS-PAGE. The arrows point to 
overexpressed proteins. (B) Exoproteins 
from culture supernatants harvested 
from bacterial cultures analyzed by 
SDS-PAGE, Arrows point to overex- 
pressed proteins; dots indicate exopro- 
teins reduced or absent in PVL-positive 
strains. (C and D) Western blot analysis 
‘of lysostaphin extracts and supernatants 
using a monoclonal antibody against 
‘Spa. Complete gels shown in fig. $4 (8). 
*Samples were diluted 1:100, (E) Western 


blot analysis of lysostaphin extracts using polyclonal antibodies against SdrD. 47.5 
SdiD is detected as two polypeptides because ofthe proteolytic cleavage of an N- 


terminal subdomain. (F) Western blot analysis of supematants from parental 


a 


PVL plasmid stationary phase (7-hour) cultures (lane 1) and APVL phage PVL 
plasmid (lane 2) using monoclonal antibodies against Spa. (G) Zymogram 


analy: 


of exoproteins from cultures grown at stationary phase. Lanes 1, 2, 


and 3 represent proteins extracted from parental, APVL phage, and PVL 


phage, respectively. 


compared with the PVL-negative strain, we 
uused microarray analysis: 28 genes showed 3 
distinct expression pattem during exponential 
xrowth (table $3), whereas, during the station- 
ary phase, 133 genes showed differential ex- 
pression (table $4). The ar transcripts and 
several exoproteins were repressed. whereas 
genes encoding for cell wall-anchored pro- 
teins and the spa activator sur (12) were up 
regulated (Fig. 4), Elevated expression of the 
px and sdrD transcripts correlated with the 
enhanced production of Spa and SdrD ob- 
served in Westem blot analysis (Fig. 2 and fig. 
S4). The repression of exoprotein transcripts 
paralleled the absence of the 32- 1 47.5-KD 
‘exoproicins in the supematants of PVL-positive 
stains (Fig. 2). This pattem of transcription im- 
plicated PVL in an interaction with a. factor (or 
tors) that controls zene expression during the 
transition from the logarithmic growth to station- 
ary phase, 

‘The regulatory model proposed here was 
inferred by using strains derived from RN6390, 
a strain harboring a deletion in rsbt", which en- 
codes a regulator necessary for the activity of the 
jgma factor". Strains with a reduced 
ivity display, among other traits, a de~ 
creased production of cell wall-anchored pro- 
teins and an inereased production of exoproteins. 
We subsequently generated isogenic PVL-positive 
and PVL-negative strains in the SHIOO0 (14) 
‘rsbU+ background and observed overexpres- 
sion of Spa during the stationary phase of growth 
(fig, S7A). The SH1000-derived PVL-positive 
strain was more virulent than its PVL-negative 
isogenic pair (fig. S7, Cand D). When compared 


with RN6390, the SH1000 lincage showed an 
increased expression of Spa, but produced 220% 
PVL, although some variability was scen (fig 
S7A}U/5). This suggested that RsbU/o" partially 
regulates PVL. 

‘We show here that PVL isa significant S. au 
Vinulence factor and that PVL-positive strains 
‘can cause murine necrotizing pneumonia with 
manifestations that resemble those observed 
in human patients. Our results demonstrate 
that the expression of the genes that encode 
PVL (lukS-PV and ukF-PV or direct inoculation 
\ith native toxin is sufficient to induce pneumo- 
in mice. The expression of the uk-PV operon 
also resulted in an altered expression of multiple 
proteins, including the tightly regulated (76, 17) 
proinflammatory factor Spa. 

In PVL-positive strains, many secreted pro- 
teins are down-regulated (Fig. 4B), similarly to 
data reported by Vojtov et al. (8), who dem- 
‘onstrated that two staphylococcal superantigens, 
wie shock syndrome toxin-1 (TSST-1) and 
centerotowin B (SEB), strongly repressed prod 
tion of secreted proteins. It is possible that these 
toxins act similarly to PVL, interacting with 
unknown factors that interfere with regulatory 
networks. 

Several genes encoding putative and known 
microbial surface components recognizing adhe- 
.¢ matrix molecules (MSCRAMMS) (including 
SdeD) are up-regulated in the PVL-positve strains 
(Fig. 4A). The up-regulation of MSCRAMMs 
may lead to enhanced tissue adherence and colo- 
nization of PVL-expressing strains, thereby con- 
tributing wo the virulence potential ofthese strains 
9.20. 


pe” goles 
Erne 
pane 


Fig. 3. Spa enhances the virulence of PVL- 
positive strains. (A) Line graph indicates weight 
loss in grams, *P < 0.01 Spa versus ASpa PVL 
phage oF ASpa PVL plasmid. (B) Percent survival 
‘of animals infected with Spa, ASpa PVL plasmid, 
.ASpa PVL phage, PVL plasmid, and APVL phage PVL 
plasmid, *P < 0.001 ASpa, Spa PVL phage and 
‘3Spa PVL plasmid versus PVL plasmid or APVL 
phage PVL plasmid, 


‘Spa is highly expressed in PVL-positive 
strains. Our in vivo data underscore the doc 
tumented role of Spx as a proinflammatory f 
tor in pneumonia (17). Increased production of 
‘Spa, coupled! with the ability of PVL 1 lyse 
PMNs and macrophages (6), could lead to 
vicious cycle of cell recruitment, lysis, 
tease of inflammatory media result- 
ing in overwhelming tissue inflammation a 
necrosis, 

Here, we show not only that PVL 
Vinulence factor in pulmona 
that expression of the /uk 
with global regulator ) 
ako enhance virulence. A detailed analysis of 
such dysregulation will be useful to identify 
is for the potential development of novel 
therapies to teat S, aurvis infections 
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Regulation of Drosophila Life Span by 
Olfaction and Food-Derived Odors 


Sergiy Libert,2? Jessica Zwiener,? Xiaowen Chu,? Wayne VanVoorhies,? 


Gregg Roman,* Scott D. Pletcher’?** 


‘Smell is an ancient sensory system present in organisms from bacteria to humans. In the 
nematode Caconorhabditis elegans, gustatory and olfactory neurons regulate aging and 
longevity. Using the fruit fly, Drosophila melanogaster, we showed that exposure to nutrient- 
derived odorants can modulate life span and partially reverse the longevity-extending effects of 
dietary restriction, Furthermore, mutation of odorant receptor Or83b resulted in severe olfactory 
defects, altered adult metabolism, enhanced stress resistance, and extended life span. Our findings 
indicate that olfaction affects adult physiology and aging in Drosophila, possibly through the 
perceived availability of nutritional resources, and that olfactory regulation of life span is 


‘evolutionarily conserved. 


in many species, reduced nutrient avail. 
A* (dictary restriction) increases Tie 

span inthe fruit fly, Drosophila melano- 
szuster, and leads to alterations in age-ependent 
pattems of gene expression, physiology. and be- 
havior (1-4. Acute nutrient manipulation causes 
sudden and rapid changes in age-specific mor- 
tality (5, 6). Whoke-genome expression data, 
containing age-dependent pattems of gene ex- 
pression in dict-restricted long-lived flies and 
fully fed contro flies (7), revealed that expression 


‘of genes encoding odorant-binding proteins was 
strongly affected by both age and nutrient avail- 
ability (fig. SI). 

To determine whether detection of food- 
related odors is sufficient to affect fly life span, 
we measured the life spans of flies in the presence 
and absence of odorants from live yeast. Yeast 
odorants were used because demographic and 
gene-expression data suggested that yeast avail- 
ability is a major component of the longevity 
response to diet in Drasophila (7-9). Exposure 


yeast odorants reduced life span in long-lived 
fies from two laboratory fy stains (Canton-S 
and yw) that had been subjected to dictary 
restriction (Fig. 1, A and ©), Life spain was 
further reduced when Mics were allowed to 
consume yeast paste. The maitude of the odor 
ant effect was variable and usually small, relative 
to that caused by the consumption of yeast paste; 
exdorant-megiated lifespan reductions. ringed 
fiom 6 to 18% in Canton-S flies and from 7 10 
8% in yw flies (Fig. 10), Such variability is 
reminiscent of the dictary-resriction response in 
flies, which depends on genetic background (8) 
Odorants are therefore sulficient to modulate life 
span, and currently unidentified odors may alter 
longevity with greater potency. 

We tested whether dit-restricted flies might 
exhibit altered feeding behavior or altered in- 
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vestment in reproduction when exposed to 
nutrient-related odors, thereby accounting for 


the longevity effect. Increases in the intensity of 


either of these behaviors would reduce life span 
by compensating for our dict-restriction pro 
cedure or by augmenting the costs of re- 
production, respectively, In our experiments, 
neither food consumption (as measured by the 
rate of dye ingestion, proboscis extension, and 
fecal output) nor fecundity was affected by yeast 
‘odorants (Fig. 1D and figs. S2-and $3), Be- 


havioral alterations leading to increased nutrient 
intake oF reproductive effort are therefore not re- 
sponsible for reduced longevity upon exposure to 
‘yeast odorants, 

The eflects of yeast odorants on fly life span 
depend on nutrient availability. Longevity was 
not affected by yeast odorants when flies were 
fully fod (Fig. 1. B and C), Thus, the odor effect 
is a regulated biological response, and yeast 
‘odorants are nota generalized toxin that shortens 
life span. Our data support the hypotheses that 


dict- and odorant-mediated regulation of aging 
act at least partly through the same molecular 
pathway and that nutrient-related odors ean tes 
ue, albeit incompletely, the extension of lon- 
gevity through dietary restriction, Consequently, 
the beneficial effects of dictary restriction may be 
due in part to the decreased perception of nutrient 
availability 

We next asked whether the loss of olfactory 
function is sufficient to inerease life span, In ver 
febrates and insects, each olfactory neuron © 


Fig. 1. Exposure to yeast odorants alters life span in 
Drosophila, (A) Canton-S female flies were maintained under 
dietary restriction (5% S¥ medium) (triangles), with the addition 
‘of odorants from live yeast (circles) or yeast for consumption 
(squares). Sample sizes: control, n = 206; + odorant, n= 
247; + live yeast, n= 193. (B) Canton-S female fies were 
unaffected by yeast odorants when fully fed (15% SY medium). 
‘Sample sizes: contol, n = 269; + odorant, n= 267; + lve yeast, 
‘n= 266, Error bars in (A) and (B) represent 95% confidence 
intervals on observed survivorship. (€) The effect of yeast 
‘odorants on longevity & repeatable and depends on det. 
Replicate experiments showing mean life span (and SEM) for 
{female Drosophila maintained under dietary restriction (5% SY, 
yellow symbols) and fully fed conditions (15% SY, blue sym- 
bols). Yeast odorants had no effect when flies were maintained 
in fully fed conditions (P > 0.05 in all cases). Each point 
represents life spans of 5 to 10 cohorts and a minimum of 206 
(maximum of 403) animals. (D) Food consumption is unaffected 
by yeast odorants, Mean food consumption (and SEM) as 
measured by dye uptake (see the supporting online material is 
shown. Multivariate profile analysis reveals no significant 
treatment effects (P > 0.05). The decline in dye uptake at later 
time points is a consistent finding that may reflect diurnal 
patterns of feeding and the dynamics of dye uptake and 
‘excretion, For survival data, block effects were adjusted for by 
analysis of variance (based on yeast paste treatments) to allow 
for comparisons across multiple experiments. P values were 
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Fig. 2. Mutation of 0r83b increases life span. (A and B) Both female and 
male flies carrying the 0r836? mutation are long-lived. Sample sizes 
females): +/+, n= 326; +/-,n = 314;—/-, n = 320. Sample sizes (males): 
+/+, n= 317; +1, 0 = 346; --, n= 305. Error bars represent 95% 
confidence intervals, and statistical comparisons by means of a log-rank 
test and Cox regression yielded P <1 x 10° for all paired isons 
‘except (B) (males) where P = 0.001 for +/+ versus +/-. (C) Or836* homo- 
Zygous mutant flies expressing UAS-GFP:0r83b under control of the Or83b- 
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Gald driver (bicolor triangles) have comparable life spans to those of 
background control animals (w*™*, open circles). Controls for the trans- 
‘genic constructs had no effect on life span (compare solid red and blue 
lines to green triangles). Data are presented for females and are 
‘qualitatively similar for males (fig. $7). Experiments were carried out with 
the use of 15% SY media and were repeated by means of independent 
transgenic insertions with identical results. Error bars represent 95% 
confidence intervals on observed survivorship. 
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presses a small number of odorant receptors 
that impart response characteristics of the neu- 
ron to specific odors (0-13). OF the 62 putative 
‘odorant receptors in Drosophila, Or83b isatypical 
in that it is broadly expressed throughout ol- 


for their localization to the neuronal dendrite 
(14-16), Loss-of-function mutations in Or83b 
Timit spontancous activity in many odorant- 
receptor neurons and severely reduce physio- 
logical and behavioral responses to a wide range 


factory tissues (/4, 15). OrS3b interacts. with, 
conventional odorant receptors and is required 


of odorants (14, 16), including nutrient-related 
‘odors (lig. S4). 


Table 1. Lifespan data for female 0r83b mutant Drosophila. Mean life spans of Or836? 
homozygous mutant and wild-type control females. The Or83b" allele was backcrossed into each of 
three genetic backgrounds. For all comparisons, longevity extension in the mutant was calculated 
respect to the wild-type background to which it had been backcrossed. All increases are 
statistically significant (P <1 x 10), determined by means of a log-rank test and Cox regression, 
*YP represents live yeast paste added to the vials. 


Genetic Nutrient tevet _ Control longevity 0r83b longevity Absolute 4, 19, 
background = (% SY) n Mean (SE) _m Mean (SE) __ change 
Cantons 
3% «319 S01 0.77) 311 616 086) 115 23.0% 
5% 319 50.1 0.81) 304 625 (078) 123 24.6% 
75% 324 43.9 (0.80) 315 58.9 (083) 150 34.1% 
10% «313-448 0.82) 318 586 (092) 138 30.7% 
15% «314416 0.69) 329 55.6 (0.76) 140 33.7% 
yw 
3% «249-580 0.85) 234 76.1 (0.63) 181 31.2% 
5% 244 60.0 0.83) 239 76.5 (0.60) 165 27.6% 
75% 254 620 (0.74) 236 76.0 (0.76) 140 22.6% 
10% 241 «61.9 (0.74) 238 75.6 (O81) 13.7 22.1% 
15% 242-505 57) 246 69.4 (0.60) 189 37.4% 
a vr 237-429 0.84) 243 65.7 (0.73) 228 53.1% 
a) 
3% = 315 S19 318 75.6 45.6% 
5% 326 532 320 76.0 3.0% 
75% 333 49.6 319 78.0 57.3% 
10% «= 316 512 317-776 51.9% 
15% 314493 319727 473% 


Table 2. Life-span data for male Or83b mutant Drosophila. Mean tite spans of Or836? homozygous 
mutant and wild-type control males. The 0r83b” allele was backcrossed into each of three genetic 
backgrounds, For all comparisons, longevity extension in the mutant was calculated with respect to 
the wild-type background to which it had been backcrossed. All increases are statistically significant 
(P <1 10%), determined by means of a log-rank test and Cox regression. 


Genetic Nutrient level _ Control longevity 0r83b longevity Absolute ry 
background (% Sn Mean (SE) ‘Mean (SE change) rene 
Cantons 
3% 322 52.1 (083) 317 668 (0.75) 147 28.2% 
5% 31S $3.2 (0.67) 282 663 (0.80) 131 24.6% 
75% 331-523 (0.71) 313 687 (0.77) 164 313% 
10% 330 52.0 (0.76) 296 67.5 (082) 15.6 30.0% 
15% 325. «47.2 (0.74) 301 67.1 (085) 199 421% 
yw 
3% «257 63.6 (081) 238 73:8 (057) 103 16.2% 
5% 242 -63.9 (089) 243 75.2 (057) 114 — 17.8% 
75% 251 644 (0.75) 240 743 (072 99 15.4% 
10% «246 65.3 (0.92) 246 758 (067) 105 16.0% 
2s 15% 244 60.1 (073) 222 703 (069) 101 16.8% 
3% 317 63.2 (0.80) 328 69.1 (072 60 95% 
5% 314 63.9 (0.77) 322 695 (07) 56 8.7% 
75% 322 63.6 (0.80) 324 736 (0.74 100 15.7% 
10% «= -317-65.2 (0.77) -310 746 (0.77) 9.4 185% 
15% 317-644 (0.80) 305 738 (0.7) 9.4 «14.5% 
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We measured the life span of flies carryi 
the Or83b? allele, in which the first five of 
seven transmembrane domains were replaced 
with the w” marker (14) (fig. S6). Or83b? home 
zygous fics lack detectable levels of Or83h 
mRNA and protein, which su a 
null allele (/4). Fully fed female Or836" 
tant flies exhibited a 56% increase in medi 
life span when compared to appropriate wild 
type animals (Fig. 2A), Males were also si 
nificantly long-lived, but the magnitude of the 
extension was generally smaller (Fig. 2B). 
Heterozygous flies exhibited intermediate lon= 
evity in both sexes, and heterozygous adult 
females showed a similar deficieney in attrac 
tion to live yeast paste (fig. S4, B and C), We 
found no evidence of such impairment in 
heterozygous mutant males (tig, SAD). Ht may 
be that odor-evoked behaviors are less 
fected or that different classes of odorants are 
critical for male longevity. Longevity was also 
extended when olfactory. signaling was sup- 
pressed in OrS3o-expressing: neurons through 
the disruption of guanine nucleotide- binding 
protein (G protein) signaling (fig. S 
the Or83h mutant also disrupts 
tivity, it is possible that G protein function 
olfactory neurons, rather than perception per sc, 
influences life span, 

To verify that the extended life span of 
OPS317 ics was not due to heterosis oF 10 com 
parison against a relatively weak control stock, 
‘we backerossed the Ori 
ditional laboratory stocks (Canton-S and yw). In 
all cases, the longevity of mutant flies was con- 
siderably greater than that of their wild-type 
controls (Tables 1 and 2), The degree of life-span 
extension was independent of the longevity of 
the corresponding wild-type stock, establishi 
that loss of Or83b function extends life span 
thealthy animals (77). 

Expression of a rescuing Or83h tranygene 
(15) under the control of an Or83b-Gal driver 
(14) restored normal life span to the Or83h? 
mutant flies (Fig. 2C). The effectiveness of 
this construct was verified by genomic poly- 
merase chain reaction and visually (fig. S6), 
and it rescues most (but not all) olfactory 
phenotypes (/4, /5), The Ork3b-Gald driver 
and the upstream activating sequence- sre 
fluorescent protein OrS3b transgene (Ui 
GFP:Or83b) were inserted into different ge~ 
‘nomic positions and none affected life span on 
their own (Fig. 2C and fig. $7), These rescue 
data and the persistence of the longevity phe- 
notype through extensive backerossing 10 three 
different genetic backgrounds provide com- 
polling evidence that loss of function in Or83b 
is the cause of increased life span in these 
animals. 

Olfactory signaling modulates life span 
marily by altering the onset of demographic 
senescence (Fig. 3). Mortality analysis. sug- 
‘gests that olfaction shifis the mortality curve to 
earlier (in the case of yeast odorants) or later (in 
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Fig. 3. Olfaction modulates the onset of demographic senescence. (A) Age- 
specific mortality rates for flies exposed to yeast odorants expressed on the 
natural log scale, Corresponding survival data are presented in Fig. 1A. (B 
and ©) Age-specific mortality rates for Or83b mutant (B) females and (C) 


Fig. 4. 07836? fies exhibited al- 


males and their controls (see also fig. $8). Corresponding survival data are 
presented in Fig. 2, A and B. Points represent observed mortality rates, Lines 
are obtained by smoothing hazard rates G-day window) by means of a 
‘kernel smoother prior to log transformation, 


c 


tered physiology and enhanced ,, 

stress resistance. (A) Total repro- ay 

ductive output through day 14 i534] owe 

not diferent between 0-636 mr 3 =|” Gmaee 

tant and control females. Data rep- |" 8 

resent average daily e99 production 3 | , 

per female (n = 60 females per ‘s 

genotype). Error bars represent * 

95% confidence intewvals on the 

mean, 0r83b" mutants had signif Serre RENE DOL 


icantly lower egg production over 
the first observation period (two- 


Age (Oxy) 


tailed Student’st test, P= 0.0005) D 
and higher levels of egg produc 8 
tion at age 8 and 12 days (two 
tailed Student’s t test, P=5.7 x BM 
10°* and P= 0.008, respectively). 
(8 and ©) 07836" homozygous 

mutant flies are starvation resit- E20 
ant Sample sies emales: 4/4, 


n= 79;-F-,n= 79. Sample sizes 
(mates): +/+, 0 = 100; +/— 1 = 
94, Statistical comparisons and P 
values were determined by means 
‘of a logsrank test. Eror bars rep~ 
resent 95% confidence intervals 
‘on observed survivorship. (D) Or83b* homozygous mutant flies have 
increased triglyceride levels. Triglyceride levels are presented after 
‘normalization to total weight. Error bars represent 95% confidence 
intervals. TAG, triacylglycerol. (E and F) Weight and CO, production for 


5 3 9 10 190 100 
‘Starvation Time (hs) 


0836 homozygous mutant and wild-type flies. Each point represents one 
{ly (n= 15 for each sex and genotype). Box plots represent the median 
(horizontal tine), 95% confidence intervals (box), and range (whiskers) of 
the data. 


the case of Or83h mutation) ages. In females, 
the rate of increase in mortality with age was 
largely unaffected (Fig. 3. A and B, and fig. 
SX), an effect that is similar to diet restriction 
(1, 5). In males, the impact of olfaction on 
rate was reduced later in fife; mor- 
jectories converge at the oldest ages 


We next investigated whether olfactory 
function was required for longevity exten- 
sion through diet manipulation, We measured 
male and female fife span in different nu- 
Iritional regimes ranging from severe nutrient 


restriction [3% sugar'yeast (SY) medial 10 
hnutrient-replete conditions (15% SY media), 
Flies homozygous for the OrX34* mutation 
were consistently longer-lived than those of 
appropriate control stocks (Tables 1 and 2) 
Despite their exceptional longevity, life span 
was further increased in the Or83b" mutants 
by dictary restriction. Or§3h is therefore not 
required for dict-mediated longevity. Con- 
sistent with the yeast odorant results, however, 
we do find evidence for interaction between 
the olfactory and diet pathways. The relative 
increase in median and mean longevity in 


OrS36" fies was significantly greater when 
flies were maintained in well-fed conditions 
Cables 1 and 2), and mutant animals were par- 
tially resistant to changes in dict (fig. $9), Thus, 
the On83h mutation extends longevity largely, 
but not exclusively, through a dietindependent 
pathway. 

Reduced carly reproductive output is. not 
required for extended longevity in Or 
tants, We observed the largest i 
tension in very high nutrient conditions wh 
flics were provided access to live yeast paste 
(ce Table 1), and, under these conditions, homo 
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zygous Or83b? mutant females had equal or 
‘greater reproductive output than control fe 
males (Fig. 4A). We consistently observed that 
Or836" mutants showed moderately reduced 
eae production from 24 to 48 hours post- 
eclosion, but the reason for this is. unclear. 
Feeding rates are not reduced in mature flies 
g. S10), but reduced reproduction may be 
due (0 a delay in the onset of adult feedi 
because the chemotaxis ability 
is compromised. 

‘Or830? Mies exhibited a range of  pheno- 
types indicative of altered physiology and en- 
hanced stress resistance. Females were more 
resistant to hyperoxia (mean longevity = 110 
2.04 hours and 123 = 1.0 hours for control and 
Or83h" mutant females, respectively; P< 1s 
10%, determined by means of a log-rank tes. 
Mutants are resistant to starvation (Fig. 4, B and 
(©), and females have significantly elevated levels 
‘of triglyceride, the primary lipid-storage molecule 
in Drosophila (Fig. 4D), despite their similar 
‘overall size and weight (Fig. 4E), Mutant males 
have higher but statistically indistinguishable 
levels of triglyceride, which suggests that fife 
span and fat content are separable in this sex. 
The observed inereases in longevity and stress 
resistance do not result from decreased meta 
bolic rate (Fig, AF), 

‘Aging and longevity in Caenorhalsit elexuns 
are regulated by sensory function through an- 
agonistic effects of specific gustatory and ol- 
factory neurons (/8, 19). Although the specific 
environmental cues that regulate longevity in 
C. elegans are unknown, sensory regulation of 
aging largely involves insulin IGF (insulin 
like growth factor) signaling (28), Modulation 
‘of aging by gustatory neurons is entirely in- 
sulin signaling (1... daf-16) depenwdent, whereas 
fongevity extension by the ablation of olfactory 
neurons has. farge daf-16- independent com- 
ponent (8). 
ory systems and insulin-mediated Jon- 
evity regulation are evolutionarily conserved 
(20, 21). Thus, as in C. elegans, olfiction may 
aflget aging in Drosophila throuwh altered in 
sulin signaling and subsequent modulation of 
transcription factor dOXO (ihe fly omholog to 
daf16). However, expression levels of Drow 
sophila insulin-like peptides show no consistent 
differences in OrS83h? mutant flcs (Fig. SU). 
‘Consistent with nonmal levels of insulin signal 
ing, we found that expression of Thor—the 
Drosophila bomolog of mammalian 4E-BP and 
4 primary target of dFOXO (22)—is not ek 
vated in the body of mutant animals (fig. S11), 
Olfactory regulation of aging in Drosophila may 
therefore contain a substantial component that is 
independent of insulin 

We 
factory cue (odorants from live 
xgene involved in olfaction (Or83b) that limit 

‘ceptor function con- 
strains the beneficial effects of dietary restric 
tion, indicating that consumption is not the 
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only way that nutrient availability modulates 
longevity (4). Genetic dissection of the roles 
of conventional odorant receptors in the life 
span of Drosophila may reveal additional can- 
didate odors and neural cireuits for longe 
regulation, 
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Redirection of Silencing Targets 
by Adenosine-to-Inosine Editing 


of miRNAs 


‘Yukio Kawahara,"*t Boris Zinshteyn,"t Praveen Sethupathy,? Hisashi lizasa,?* 


Artemis G, Hatzigeorgio 


? Kazuko Nishikura™* 


Primary transcripts of certain microRNA (miRNA) genes are subject to RNA editing that converts 
adenosine to inosine. However, the importance of miRNA editing remains largely undetermined. 
Here we report that tissue-specific adenosine-to-inosine editing of miR-376 cluster transcripts 
leads to predominant expression of edited miR-376 isoform RNAs. One highly edited site is 
Positioned in the middle of the S'=proximal half “seed” region critical for the hybridization of 
miRNAs to targets. We provide evidence that the edited miR-376 RNA silences specifically a 


different set of genes. Repression of phosphoribosyl pyrophosphate synthetase 1, 


arget of 


the edited miR-376 RNA and an enzyme involved in the uric-acid synthesis pathway, contributes to 
tight and tissue-specific regulation of uric-acid levels, revealing a previously unknown role for RNA 


editing in miRNA-mediated gene silencing, 


“any developmental and cellular pro- 
Miss ots 
imiRNA)-medisted RNA. interfer- 
ence (RNAI) (/-4). After incorporation into 
the RNA-induced silencing complex, miRNAs 
‘guide the RNAi machinery to their target genes 
bby forming RNA duplexes, resulting in sequence- 
specific mRNA degradation or translational 
repression (/, 2. 4. The generation of mature 
mIRNAS requires the processing of primary 
transcripts (pri-miRNAs) (5, and A —+ 1 RNA 
«iting occurs to certain pr-miRNAS (6-8). 


Human chromosome 14 and syntenic re- 
azions of the distal end of mouse chromosome 12 
harbor the miR-376 cluster of miRNA genes (9), 
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‘The six human miR-376 RNAs (miR-376:2, similar sequences (lig. S2). Expression of miR- All of the miR-376 RNA cluster members 
-376b, -368, -BI. and -B2) (Fig. 1A) and three 376 RNAs is detected in the placenta, developing are transcribed into a long primary transcript 
mouse miR-376a-€ RNAS (lig. SLA) have highly embryos and adult tissues (9, 10). encompassing the entire region and (except 


human miR-B1) undergo extensive and simul 
tancous A —+ I editing at one or both of two 


A specific sites (+4 and 44) in select human and 
se tissues and specific subregions of the 
brain (Fig. 2 and table $1) (//), The +4 site of 

Sh pienass 2600-Ba sre, ts -376 cluster genes (e.g., human 
Pri R-368_ ¢ &y * ) is genomically encoded as G 


376a2, -376b, and -368, ane nearly 100% 
ose edited at the *44 site in the human cortex and 


conneastst 


‘* = and thus not subject to A — I editing (Fig, 1A), 
% Certain miR-376 members, such as pri-miR- 


REraee, 2 
: 

2. 
eit 


medulla (Figs. 1B and 2 and table S1), whereas 


4 +4 F: no editing was detected 
ca 4 “e the +4 site of human pri 
fod -e = and the #4 site of mouse pri-miR-376a in all 
= Se tissues), In select members of the cluster. sub- 


stantial editing (~20 t0 $5%) occurs af the 1 
site, and infrequent editing occurs at several 
additional sites (able $1). In contrast, no edit- 
ing was detected in human pri-miR-6S4 and 
‘mouse pri-miR-300, Although these two 
‘miRNAs are located within the miR-376 clus 
ter, their sequences are very different from 
those of miR-376 family members (fig. S2), 
indicating the strict selectivity of the editing 
machinery for pri 6 family. members 
and for specific A residues (4 or #44 sites) 
‘within their foldback haimpin structures, 

‘Two adenosine deaminases acting on RNA 
(ADARS), ADARI and ADAR2, 
be involved in A —+ I editing (12-15). AD, 
mice are viable (/6), whereas ADART™ mouse 
embryos die at embryonic day 12.0 (E120) 
(17, 18), Analysis of RNA extracted from the 
brain cornices of AAR” mice and ADART™” 
mouse ELS embryos revealed differences in 
MRSS the pri-miR-376 sites edited by ADARI and 

ADAR2. Eating of the -1 site of pri-miR376a, 


[ PrsmiR-376a 


pe-miR-376b, and pri-miR-376e, as well as the 
Her! oer re 
qa Ya tv nt 


Fig. 1. A— I RNA editing of pri-miR-376 RNAs, 
(A) Hairpin structures of sic human pri-miR376 
RNAs are shown. Editing sites (ted A's) are numbered 
‘with the 5’ end ofthe human miR-376a1-Sp sequence 
counted as +1. Regions processed into. mature 
TRNAS are hightghted in green. The two most 
highly edited A's (+4 and +44 sites, red As) are 
highlighted in black The genomically encoded G at 
+4 is also highlighted in black. The genomic distance 
betiveen miRNA genesis indicated by the numbers at 
the bottom. (B) Analysis of pri-miR-376a1 and pri~ 
‘miR-376b RNAs in human and mouse brains (wilde 
type and ADARZ~) and pri-miR-376c RNAS in 
‘mouse E115 embryos (wild-type and ADARI™) by 
sequencing of reverse transcription polymerase chain 
reaction (RT-PCR) products. Thus, an A —+ | RNA 
‘editing ste is detected as an A — G change in the 
‘CDNA sequencing chromatogram. Editing of human 
pri-miR-376b at the +44 site is almost 100%, as 
seen by the presence ofa sole G peak without an A 
peak Editing sites ae indicated by red arrows 


(cortex) 


(E115) 
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the cortex of ADAR2~ mice. In contrast, the 
frequency of editing at the +4 site of pri-miR- 
376b and -376c is higher in ADAR” mice, 
whereas editing of the +44 site was eliminated 
in ADARI™ embryos (Fig. 1B and table SI). 
‘The results indicate that the -1 and +4 sites are 
mainly edited by ADAR2. The 4 site is selec 
ively alited by ADARI. ADAR2, if coexpressed 
with ADARI, appears to suppress 


important by virtue of an effect 0 
level of expression or on the function of 
miRNAs (6-8, 13). Characterization of com 
plementary DNA (cDNA) sequences. corre- 
sponding to miR-376 cluster members revealed 
that the edited forms of mature miR-376 RNAs 
are highly expressed in certain tissues (Fig. 2) 
For instance, 41% of the miR-376a1-Sp and 
‘92% of the MiR-368-3p molecules were edited 
at the #4 site and atthe +44 site, respectively, in 
human medulla oblongata. In wild-type mouse 
cortex, $6% of miR-376c-3p moleeules were 
edited at the Whereas $4% of the miR- 
ted at the #4 sit 
cy. As expected from the 
icy of pri-miR-376a2 RNA 
(98%), only the edited version of mature miR- 
376a2-Sp was detected in the human medulla 

editing does not affect the proces 


sites in pri-miR- 
376 RNAs (‘4 and #44) are located within the 
functionally critical Ssproximal “seed” sequences 
‘of miR-376-Sp and -3p. suggesting that edited 
mature miR-376 RNAs may target genes 
different from those targeted by the unedited 
miR-376 RNAs. To investigate whether a 
single A —> I base change at the #4 site of 
miR-376a-Sp (which has identical human and 


mouse forms) would aflect the selection of its 
target genes, we used an in-house computa- 
tional algorithm, Diana-MicroT2, that predicts 
miRNA-to-target interactions, followed by 
the application of a species-conservation fi 
ter. We further filtered the predictions to retain 
only genes with multiple 3° untranstated-region 


(UTR) target sites, with atleast one of the sites 
being conserved. This filter yielded 78 target 
pand 82 target 

(conserved 


(ed three unedited-version targets 
[SERSII (anginine’scrine-rich splicing factor 
11), SLCI6AL (solute cartier family 16-A1), 
and TTK (threonine and tyrosine kinase)) and 
three targets of the edited version [PRPSI 
(phosphoribosy! pyrophosphate synthetase 1), 
ZNFS13 (zine finger protein $13), and SNX19 
(sorting nexin 19)] for experimental verification 
ig. S3B). 

Luciferase expression was examined in 
HeLa cells cotransfected with reporter 
structs containing the target sites for unedited 
for edited miR-37%6x-Sp in their YUTRS (A 
S3C), together with unedited or edited miR- 
3763-Sp RNAs. First, we used the edited miR- 
3763-Sp RNA that had a G residue substituted 
for A at the #4 site. Specific repression of the 
cdited-version and unodited-version target genes 
by edited and unedited miR-376a-Sp RNAs, 
respectively, was observed (Fig. 3A). 
selective silencing must be due to binding of 
cited (or unedited) miR-376a-Sp RNAs specif 
ly to their predicted target sites, because re 
cipcocal cotransfection experiments resulted in 
no significant silencing (Fig. 3A). Experiments 
With the edited miR-37%6a-Sp RNA that had an 1 
residue at the #4 site again resulted in specific 
repression of the edited-version targets. (Fig. 


REPORTS. [ 


3B), revealing an equivalent contribution of LC 
and G:C base pairs for hybridization of miRNAs 
to their targets. The A residue at the +4 site of 
unedited miR-376a-Sp pairs with U residues of 
the unedited-version targets, whereas the | 
residue of the edited isoform pairs with C resi- 
dues of the edited-version targets (Lig. S3B), Our 
sesults suggest that a single A I base change is 
sullicient to redirect silencing miRNAs to a new 


set of targets 
To confirm the in vivo effects of miR-376 
RNA editing, we measured endogenous expres- 


sion levels of uncdited-version (TTK) and 
edited-version (PRPS1) miR-376a-Sp target 
genes in wild-type and ADAR2™ mouse corti 
The ‘4 site of miR-376a-Sp is edited by ADAR2 
almost exclusively (Fig, 1B), No edited, mature 
miR-376a-Sp is expresed in ADAR?™ mice 
whereas both unedited and edited miR- 
is expressed in the brain cortex, hear, 
ry of wild-type mice (Fig. 2A), Only unedited 
mature miR-376a-Sp RNAS we 

the liver of wikltype mice because of 
almost total lack of pri-miR376a RNA edit 
in this tissue (Fig. 2A and table St), PRPSI, 
‘which contains multiple target 
version of miR-376a-Sp withit 
levels that were almost two times lower in th 
wild-type mouse cortex than in the ADAR? 
mouse cortex, In contrast, no difference in 
PRPSI expression was detected between the 
wild-type and ADAR2~> liver (Fig. 3C), We 
also confirmed that the expression level of 
total miR-376a-Sp is not significantly diffe 
between wild-type and ADAR2“~ tissues by 
primer-extension analysis. Thus, the edited 
miR-376a-Sp, expressed only in select tissues 
of wild-type mice, docs indeed repress this 
target gene ina tissue-specific manner (Fig 3) 
No significant difference in TTK expression was 
detected between wikl-Aype and ADAR2™ corti- 


A mares B 
amen me 
mare 
masta mae 
nonin nea a 
pers nner 
moseooan mae 
= nes ma 
mows con maar 
nated 
notehent mone cones kn} 
mare : 
competing mouse cores | 
ss = a — Pid 
mouse mature mouse cores | Lennnd 
: 18 o 8 6 6 ww 


tissues. (A) Editing frequency of pri~and mature 


at the +4 site from various human and mouse tissues. (B) Editing frequency of 
pri- and mature miR-376a-c and miR-368 RNAs (3p strand) at the +44 site 
from subregions of human and mouse brains. The human mature miR-376a1- 
3p, miR-376a2-3p, and miR-376b-3p are not distinguishable in our assay, so 


2 ry ry ry 
citing of miR-376a-5p at the +4 site (%) 
Fig. 2. Characterization of edited pri~ and mature miR-376 RNAS in various 


-376a RNAS (Sp strand) 


esting of miR-376-3p & miR-368-3p atthe +44 ste (%) 


the observed editing frequency represents the average of these three isoforms. 
[) and (6)] The editing frequency of pri-miRNAS is the ratio of the G peak 
‘over the sum ofthe G and A peaks of the sequencing chromatogram of RT-PCR 
products. Two separate measurements resulted in identical values. The editing 
{frequency of mature miRNAs s 2 ratio of the cDNA clones containing the A—+ G 
‘change over the total cDNA clones examined (>50 isolates). 
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‘Unedited Targets: —Gited Targets 


3. Physiological effects of 
‘miR-376a RNA editing. (A) Confir- 
mation of the edited miR-376a 
targets. Relative luciferase activ- 
ites in HeLa cells cotransfected with 
unedited miR-376a-Sp (black bars) 
and edited miR-376a-Sp (A — G 
at the +4 site) (blue bars), respec 
tively, Reciprocal experiments were 
also conducted: for example, miR- 
376a-5p edited-version target sites 
shallenged by unedited miR-376a 
and vice versa, (B) Luciferase 
activities were examined in Hela 
cells cotransfected with a negative 
control cel-miR-67 (gray bars) and 
edited miR-376a-Sp (A — at the 
+4 site) (red bars), respectively. 
[and (8) The luciferase activities 
were compared statistically by 
Mann-Whitney U tests. Significant 
differences are indicated by aster- 
sks, P < 0.05. Error bars, SEM (0 = 
3, where nis the number of 
independent measurements taken). 
(© Western blot analysis of TTK and 
PRPS1 expression levels in the wild- 


C paaaes 
eT rn 
Cones TM PPS) (conan) 
ees 
vrs 
7 9 9 1 4 2 (con 
presi 
NN (Actin ‘re 


Ww Roar 


ces, The results indicate that unedited miR- 


376a-Sp RNAs are sufficient to regulate this 
particular target gene, despi 
ference in expression between wild-type and 
IDAR2™ mice (Fig. 2A). 


ng enzyme 
the uric- 
acid synthesis pathway. An X-chromosome 
linked human disorder characterized by gout 
and neurodevelopmental impairment with hy- 
peruricemia is caused by a two to fourfold 
inerease of PRPSI levels, inklicat 
quirement for tight control of PRPSI levels 
and! activities (/9), In order to confirm the bi- 
ological importance of miR-376 editing, we 
‘examined uric-acid levels and found that tissue 
specific repression of PRPS levels was indeed 
reflected in a twofold inerease in uric-acid 
levels in ADAR2-null cortex (Fig. 3D). Thus, 
editing of miR-376a appears to be one of the 
mechanisms that ensure tight regulation of 
uuric-acid levels in select tissues such as the 
brain comtes. 

‘A systematic survey 
sequet 
‘of all pri-miRNAs examined (6). Howe 


of human prismiRNA 
es identified A — [editing sites in ~6% 
+, this 


co 
‘Normalized target gone expreaaion 
estimate may be too low (6) In vitro editing 


studies of randomly selected pris 
dict that as much as 50% of ll pr 
have specific A —+ I editing sites (8), Although 
expression of only one edited viral miRNA 
soma-associated Virus 
reported previously (20), 


the future. 
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Gene Body-Specific Methylation on = Spee ee 


the Active X Chromosome teste 


‘Asaf Hellman and Andrew Chess 


ic PCR products before and after MSRE 
(table S1), and also bisulfite 4 
ses (fig. $2) 

Genotyping individuals trom three genera- 
tions of Centre d’Etude du Polymorphisme 


Humain (CEPH) pedigree 1332 (fi 
Differential DNA methylation is important for the epigenetic regulation of gene expression. solved the parental origins of 1948 hi 
Allete-specific methylation of the inactive X chromosome has been demonstrated at gous SNPs in the mother GM10849 and/or her 


promoter CpG islands, but the overall pattern of methylation on the active X (Xa) and daughter GM13130. Sequence analysis sug 


inactive X (Xi) chromosomes is unknown, We performed allele-specific analysis of more than 
1000 informative loci along the human X chromosome. The Xa displays more than two able for our methyl 
times as much allele-specific methylation as Xi. This methylation is concentrated at gene had a 


ed that 1269 (63.1 


jon assay, in th 
cast one methyl-sensitive 


bodies, affecting multiple neighboring CpGs. Before X inactivation, all of these Xa gene site on their respective amplicons (table $2) 
body-methylated sites are bialletically methylated. Thus, a bipartite methylation-demethylation These informative SNPS were distributed 


program results in Xa-specific hypomethylation at gene promoters and hypermethylation 
at gene bodies. These results suggest a relationship between global methylation and 


expression potentiality. 
phospho 
shown that at least one site within the tran- 


nd the re 
mplicons were then labeled and hy- 
brridized to the array. Thus, an unmethylated 
MSRE site present on a mplicon will 
lead 10 allele-specitically reduced intensity cor- 
responding to the resident SNP (Fig. 1A). This 
allowed us to use cither yenotype calling or 
copy-number algorithms to identify transitions 
from a heterozygous state to a hemizy 


Center for Human Genetic Research and Deparment of 
Medicine, Massachusetts General Hospital, Hanard Med- 
‘cal School, 185 Cambridge Street, Boston, MA 02114, 
USA. Email: hellman@chgr.mghharard.edu (AM): 
chess@chgrmgh harvard.edu (AC) 


the chromosome (fig, S4) with an aver 
¢ distance of 120.1 kb between succeeding 
SNPs, Moreover, 351 SNPs mapped to 135 dif- 
feremt_genes (lor an average of 2.6 SNPs per 


after the MSRE treatment, The assay is robust gene), representing ~9% of the known X-finked 
replicate analyses of the same DNA never — genes (table $2) 
reveal allele-specific methylation status chang- We resolved the active and inactive X copies 


from one allel: to the other [supporting wes originated from single cells of GMIO849 


Fig. 1. Hypermethyia- ‘om13t30 Clonet3130-7 Clone 13130-18 
tion of the active X chro- Genomic___MSRE treated __MSRE treated 


mosome. (A) An example 
‘of hybridization intensities 
(brighter yellow indi- 
cates higher signal) for 
the six probe sets que- 


tying a particular SNP 
bereits sano ate 
‘can observe both alleles Active X: Maternal Paternal Maternal Paternal 
in genomic DNA, but x 
‘only one allele in each Nept 
clone after MSRE treat- 
ce ate WE we Sy 
ylation differences at an 

MSRE site present within 

the amplicon fig. $1). 
‘Mismatch (mm) probes Sty! 
contain a single mismatch ervey 
at a site distinct from the 
polymorphic ste and seve g 
as controls. (B) Presenta- 

tions of Xa (black) and 6 | 


(yellow) monoallelic meth- 
Yiation fractions. in_ four 
cones from two ‘individu 
as. The parental origin of 
Xa for each clone is ind 
‘ated, and the numbers § 

‘of occurrences of mono- 

allelic methylation are 1234567 8 9 1 HII t5 1617 
marked blue (patemal) ‘Chromosome 

‘or red (maternaD. Results 

from the Nsp I or the Sty I hates of the SOOK array are presented. (C) Frequency of switching from 
heterozygous to hemizygous call after MSRE treatment for each chromosome. Data are presented for all 
informative SOOK SNPs for GM13130 clone 7 and GNt13130 cone 16. Potential monoallelic methylation at 
parentally imprinted regions, as well as technical artifacts resulting from MSRE site polymorphisms or 
allelic bias of the genotyping algorithm, were filtered out by requiring at least one clone switch from AB 
to AO, and one clone switch from AB to BO per each SNP. 


‘20-2122 x 
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and GM13130 using reverse transcription (RT) 
PCR to examine allele-specific mRNA expres 
sion (table $3). Replication timing analyses fare 
ther confinned the direction of X inactivation, 
We selected four clones. one patemal active 
(Xap) and one matemal active (Xam) from each 
individual, for further analysis. By definition, 
these clones must originate from four indepen- 
dent X inactivation events 

‘As a prelude to determining which hetero 
azygous SNPs switch to a hemizygous state after 
digestion with the MSRE cocktail, we first fil 
tered out SNPS that would show loss of hetero 
zygosity as a result of polymorphism in their 
linked MSRE sites (fig. $1}. We then analyzed 
the methylation status of the remaining 913 ine 
formative SNPS (table $4). 

‘A pattem appeared when we related the 
SNPs to Xa and Ni: We always observed a sig- 
icant excess of monoallclically methylated 
loci on the Xa, The average Xa:Xi ratio was 
2.4 (Fig. 1B), The allele-specific methy ation 
We observed is unique to the X chromosome, as 
shown by contro analyses of aurtosomes, which 
show a. vastly lower kevel of switching and no 
parent-oForigin effects (Fig. 1C and fig $5). 

Because this global Xa hypermethylation 
is contrary to the reports of Xi-specific meth- 
ylation at CpG islands, we sought to rule out 
ithe possibility that the clones we analyzed 
have unusual Xi methylation pattems. Two in- 
formative SNPs reside on amplicons. that 
‘overlap with CpG islands: 117139885 at phos 
phoglycerate kinase 1 and 198644870 at calcium’ 
ccalmodulin-depenident serine protein kinase. As 
expected, these two SNPs are monoallelically 
methylated on their Xi alleles, indicating that our 
clones were not abnormal in their Xi methyla- 
tion, Analysis of allele-specific methylation of 
the andmgen reveptor gene (6) further con 
fined nonmal Xi promoter methylation (lig. S6). 

‘To see if this methylation targets a unique 
4 of loci, we analyzed overlapping among 
four clones by adding two more GMI3130 
clones (lig. $3). The extent of overlap among 
all combinations of three and four elones (table 
SS) was significantly higher than expected 
from a random distribution of Xa methy ated 
amplicons along the chromosome (P 0,001). 
Thus, a sot of chromosomal locations are con- 
sistently Xa methylated 

We next examined whether these Xa- 
methylated sites related 10 genes, Out of the 
116 SNPs that were Xa methylated in at least 
‘one Xam and one Xap clone, $7 (49.1%) were 
within known genes (Fig. 2 and table S6), This 
ratio is significantly higher (P = 0,009) than 
the occurrence of yene SNPS in the entire in= 
formative set (251 out of 913 = 27.5%) (SOM 
text 2), Considering overlap in three and in four 
clones further highlighted gene exclusivity 
(table $7). All 17 amplicons displaying mono 
allelic Xa methylation in all four GMI3130 
<lones were found either within genes oF <30 kb 
from a gene (Fig, 2). 
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frequency in zene-body amplicons 
displaying Xa methylstion is similar to the 
genome-wide average (table S¥}, well below 
the fiequency seen in CpG islands. Neverthe- 
less. nearby CpGs within different amplicons 
distantly present in the same gene (Fig. 2 and 
table $4), and neighboring CpGs within indi- 
Vidual ampficons (ig. $7) tend to have the same 
Xa-specific methylation pattem, 

Silencing tissue-specific genes does not 
explain Xa-specifie gene-body methylation; 
indced, mining public databases for tissue spoc- 


ificity and B cell fine expression levels showed 
that both expressed and silenced genes under- 
go Xa-specific methylation (lable $9). Fur- 
thermore, genes subject 1o Xa methylation do 
not share a common biological function or 
expression pattern (7), We cannot rule out a 
specific need for shutting down spurious tran- 
scription (¢.g., from transposable elements) at 
active regions (ic. genes), but the absence of 
as toward repetitive clements 

ficons (table S9) is a 


- 2 
Ti, 2 cers a de seine 
ition (Top) Eich gg | 116 Xa methylated SNPS 
tment of Xamethyated 
SSNPS at gene regions. 
The distributions of X3- On anne on 
‘SNPs (blade) e100 400 280 ° 0 soo 10000 
and all informative SNPS Diseaie nema gree nt, 
(gray) are shown, SNPS 
were ranked according to Clone 13130- 
distance from the near Posen we cmrersasonn) 28718 
est gene (table 56). ssomer Siniaa OR pene (60.2), 
(Bottom) The complete menow temas ue coon 10 
list of the SNPS showing omy owe oe = 
Xa-specific. methylations. . = = = 
in all four clones from “arm = emu nat 
GM13130 is presented — arrasarme srewey a Cl 
with the methylated allele — wersmo corveans one — 
‘indicated for each clone staan — one -_ 
(matemal in pink and sere = msm = Owen 
pees a 
aa — Seal cota —_ 
er 
mma senna 
ume lamer Pom owen 18) 
vena mma arate 7) 
ere Teoma VOD een an 
Aas. Male semen *s. Female 
» a were og. 
3s 
A 20 
om 6 
30 0 
#5 "i 
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oo 1 1 2 o os + 1 2 26 3 
Inferred copy number 
Fig. 3. Comparison methylation of the 
B female X chromosomes with the male X 
160: 1B 13130-16 chromosome and with the X chromo- 
sas some before X inactivation. (A) Inferred 
bas 131902 copy number for five males and five 
female individuals from the pedigree. 
100 5191907 shift to the let after the engyme teat 
3 D nes-+47 ment indicates mono- or biallelically 
unmethylated amplicons. (B) Methylation 
3 status of all informative amplicons that 
2 ‘are heterozygous in both GM13130 and 
HES-H7 cells. 
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of Na-methylated genes contains several genes 
shown to excape X inactivation (18). However, 
given that these genes still have an elevated Xa 
expression Kevel (/8), the overall correlation 
between gene-body methylation and expression 
potentiality is maintained. 

Male-to-female comparisons showed a more 
‘complete methylation level on the male X (Fig. 
3A and fig. SS). Furthermore, the sites that are 
‘gene-body Xa-methylated in females ane among 
the most highly methylated sites in males, 
highlighted even on the almost-compkete meth- 
‘ylation background of the male X chromosome 
ig, S9). 

‘An Xa-specific methylation present in 
somatic cells could reflect either methylation 
occurring only on Xa or demethylation oc 
curring on Xi, The human embryonic stem 
(ES) cell line hES-H7 represents a stage of 
development just before X inactivation (19) 
and has been shown to stably maintain the 
appropriate characteristic methylation pattem 
for this stage, including allele-specific meth- 
ylation (20). At this stage of development, the 
xenome has presumably already undergone 
tslobal demethylation and the wave of de no 
methylation (2, 22), Hence, we analyzed these 
cells using the SOOK array, Out of the 116 
amplicons shown to be gene-body Xa meth- 
ylated, 50 also have a heterozygous genotype 
in 117 cells. We found that all $0 are bi 
alllically methylated. When examining all 154 
amplicons informative both for H7 and for 
13130 clones, we observed that only five are 
monoalelically methylated in 117 cell, where 
as the expected one-third are monoalltically 
methylated in the somatic clones (Fig. 3B), 
Bisulfite sequencing further verified biallelic 

ylation (Fig. S10). Thus, given that bi- 
methylation is the beginning state, de- 
lation of the Xi must account for the 
fic monoallelic pattern observed in 
somatie cells, 

‘A simple model may explain both the Xa 
versus Xi and the gene versus intergenic dif 
{erential methylation we observed: Constantly 
inactive regions, such as gene-poor regions 
and the entire Xi, may be more prone to loss of 
methylation maintenance (even if originally 
highly methylated), The resshing methylation 
decrease, for the entire Xi and for Xa intensenic 
rogions, would thus highlight Xa gene body 
specific methylation. At the same time, 
promoter CpG islands, which are protected from 
methylation on Na, would remain more meth= 
ylated on 

In contrast to the widely held view that X 
chromosome allele-specific methylation is 
restricted to CpG islands on the inactive X. 
‘our global allele-specific methylation anal 
ses uncovered extensive methylation speci 
cally alfceting transeribable regions (gene 
bodies) on the active X whether it is in the 
male or the female, One aspect of sex chro 
mosome dosage compensation is the require 


ment for a chromosome-wide, likely epigenctic 
mechanism with the ability w double X-linked 
gene expression when necessary (i.. in s0- 
matic cells but not in haploid germline cells), 
Indeed, such a phenomenon was recently de- 
seribed in mammals (22), Our finding of global 
cclevation of methylation levels at gene bodies 
fof both male and female active X chromo- 
‘Somes hints at such a chromosome-wide epi- 
«genetic control. Another example of a possible 
role for methylation in (potentially) active chno- 
matin regions recently came from plants, in 
which extensive specific methylation of gene 
bodies was discovered (23), These results, to- 
gether with the findings introduced here, should 
prompt reevaluation of the role of global DNA 
methylation that occurs away fom gene pro- 
motets as well as the apparently complex rela 
tionship with chromatin activity, 

Note axlded in proof. A second manuscript 
reporting gene body methylation in plants was 
recently published 29), 
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Reversal of Neurological Defects in a 
Mouse Model of Rett Syndrome 


Jacky Guy,? Jian Gan,” Jim Selfridge,* Stuart Cobb,” Adrian Bird™* 


Rett syndrome is an autism spectrum disorder caused by mosaic expression of mutant copies of 
the X-linked MECP2 gene in neurons. However, neurons do not die, which suggests that this is 
not a neurodegenerative disorder. An important question for future therapeutic approaches to this 
and related disorders concerns phenotypic reversibility. Can viable but defective neurons be 
repaired, or is the damage done during development without normal MeCP2 irrevocable? Using a 
mouse model, we demonstrate robust phenotypic reversal, as activation of MeCP2 expression leads 
to striking loss of advanced neurological symptoms in both immature and mature adult animals. 


tations in the X-linked MECP2 gene 
M: the primary cause of Rett syn- 

rome (RTT), a severe autism spec- 
trum disorder with delayed onset that affects 


1 in 10,000 girls (7). MECP2 mutations are also 
found in patients with other neurok 
tions, including leaning disability, neonatal en- 
cephalopathy, autism, and X-linked mental 
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retardation (2). RTT patients show abnormal 
neuronal morphology 
(3), which implies that it is a neurodevelopmen- 
tal rather than 
MeCP2 is expressed widely, but is most abur- 

ns of the mature nervous system 
I deletion and neuron-specific ex: 
prssion of Mecp2 in mice showed that the 
‘mutant phenotype is specifically duc to absence 
of MoCP2 in ncurons (5-7). The persistent via- 
bility of mutant neurons in RTT patients ra 
the possibility that reexpression of MeCP 
restore full function and, thereby, reverse RTT 
Altematively, MeCP2 may be essential for neu 
ronal development during a specific time 
dow, aller which damage caused by its absence 


but not neuronal de: 


wenerative disorder, 


is silenced by insertion of a 
Stop cassette (8), but can be conditio 


xd under the control of its own pro 
sete dele 
TA) and 
in situ immunofluorescence (Fig. 1B) « 
firmed absence of detectable MeCP2 prot 
Mecp2°™"¥ (Stop) animals, Like Mecp2 
null mice (6), Siop’y males developed. symp- 

6 weeks and survived for 11 weeks, 
birth (Fig. 1€), We concluded 
SP allele behaves as a null 


acti 
moter and regulatory ckments by ¢ 
tion (9) (Lig. SI), Wester blots (F 


that a 
‘mutation 


Toe 


trol the activation of Mecp2, we com- 
bined « trans 4 fusion between 
Cre recombinase and a modified estrogen we 
cepor (CER) with the Mecp2"™* allele 
(10), The Cre-ER protein remains in the eyto- 
plasm unless exposed to the estrogen analog 
tamoxifen (TM), which causes it to translocate 
to the nucleus. To verify thatthe Cre-ER me 
cule did not spuriously emter the nucleus in the 
absence of TM and cause unsehisduled deletion 
of the JaxSiop cassette, we lookeat 
Jox-Stop deletion in Mecp2®*™ 
(Siop’* ere) females by Southern bloting. Even 
alter 10 months inthe pre: 
Cre-ER, there wa 
(Fig. 1D). The 
of the fav-Siop © 
confirmed by the finding that Stop 
I profiles in the pres 
ence or absence of Cre-ER (Fig. IC). There- 
fore, inthe absence of TM, the Cre-ER mol 
ofthe /av-Siup 


lele 


no sign of the deleted 


seite was. independently 


showed identical survi 


does not cause detectable dete 


sett 
We next tested the ability 
the Jav-Siop cassette in Mecp? 
(Siop.cre) male mice, Five daily injections 3 to 
4 weeks aller bith caused 75 10 81% deletion of 


TM to dekte 
SOY cre ER 
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the cassette in brain (Fig. 1B 
fed 10 reexpression 
measured by Western blot 
5) and MeCP2 
1B). Acti in Swpixere 
males at this stage ((Fig. 2A), bracket TM-1], 
before sympiom onset, revealed 
od with abrupt Mecp2 reactivation, as 9 out 
of 17 mice developed neurologic 
and died soon after the daily TM injection sc- 
ries (fig. $2). The remainin 
ot develop any detectable symptoms, 
showed wildaype survival (fig. S2), and were 
able to breed. Four reta ined 
>1S months. Death of about half of animals 
was not duc 10 intrinsic TM toxicity, because 
injected controls, including mice that had cither 
the Sop allele of the cnER wansgene (but not 
both), were unaflected. The toxic effects re 
sembled those caused by 0 
Mec nice (7. 11), 


sympioms 


ight mice, how: 
ever, did 


ned mice have su 


expression of 
th 


4810p (5.180) 

é 44 (4 380) 
et (9.200) 

mitt 

T234 


moter. The data indi sudden widespread 
activation of the Mecp2 gene leads to either 
rapid death or complete phenotypic reseue, 

We found that a more gradual Mevp2 acti- 
sation induced by weekly TM injections followed 
by three daily booster treatments eliminated 
toxicity. Using this scheme, we asked whether 


Swpxvere male mice with advanced symptoms 
2A), bracket TM-2] could be rescued by 
ation of MeCP2. To monitor the specitic 
features of the RTT-like mouse phenotypes, we 
devised simple observational tests for inertia, 
gait, hind-limb clasping, tremor, imegul i 


and poor general condition, Each symptom 
was scorad weekly as absent, pre 
(scores of 0, 1, and 2, respectively), Wild-type 
mice always scored zero (Fig. 2B), whereas 
Stop’ animals typically showed progression of 
ue symptom scores (c.g. ftom 3 10 10) 
during the last 4 weeks of life (Fig, 2, Ca 
F), By contrast, five out of six. symptomatic 
Stop vere ls were rescued by TM treat 


Fig. 2. Insertion of a fox-Stop cassette into intron 2 of the mouse Mecp2 gene creates an allele 
that is effectively null, but can be activated by TM treatment. (A) Western blot analysis of MeCP2 
Protein (solid arrow) in brains of wild-type (wrt), Stop’y, and Stopvy cre mice before and after TM. 
Antibodies against MeCP2 were from }. Pevsner (left panel) and Upstate (right panel). Internal 
controls are nonspecific cross-reacting bands (asterisk) and bands generated by a histone H4- 

specific antibody (open arrow). (B) Detection of MeCP2 by in situ immunofluorescence in dentate 
‘gyrus of wild-type Gt), Stoply, and TM-treated Stop/y cre mice. White scale bar, 50 um. Green cells 
that did not stain with DAPI (4°,6-diamidino-2-phenylindole) in the upper Stop panel are 
nonnucleate erythrocytes showing background fluorescence. The DAPI channel was changed from 
biue to red using Adobe Photoshop to contrast with the green MeCP2 signal. (C) Comparison of the 
survival of Stoply mice with and without the cre-ER transgene. (D) A Southern blot assay for 
deletion of the lox-Stop cassette in brains of heterozygous Stop/+.cre females ( aged 10 months 
(lanes 2 and 3) that had not been exposed to TM. Restriction fragments from the Mecp2 lox-Stop 
(Stop; see male Mecp2"**"¥, lane 1), Mecp2* with Stop deleted (A, see lane 4), and the wild-type 
(wt) alleles are indicated. (E) Southern blot assay for conversion of the Stop allele to the Mecp2* 
allele (A) in male mouse brains after five daily TM injections. Lanes 2 and 5 show the wt allele. 
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ment. These animals initially had symptom 
scores of 2 or 3 and would be expected 10 
survive for up to 4 weeks from the date of the 
first injection. Instead, they showed mild symp- 
S3 for examples of detailed scores) 
and survived well beyond the maximum 
recorded life span of Mecp2®*S*P* animals 
(17 weeks) (Fig, 2, D to F, and fig. S4: see 
movies SI and S2), The weekly TM injection 
regime, plus booster injections, gave the same 
level of fox-Siop cassette deletion as five daily 
‘TM injections (-80%) (Fig. 2G). The one 
animal that died had reduced Jav-Siop cassette 
do Ms compared with ~80%%), which 
may explain failure to ese 
RIT results from mosaic expression of 
mutant and wild-type MECP? alleles in the 
bain caused by’ the random inactivation of one 
X-linked MECP? allele during early female de- 
Velopment. Hetermzygous female mice may be 
the most appropriate model for human RTT 
(12), because both Mecp2"~ (6) and Stop! Re 
males (Fig. 3. A, B, and E) develop RTT:tike 
symptoms, inching inenia, imegular breathing, 
abnormal gait, and hindlimbs clasping. at 4 1 
12 months of age, As in humans, the phenotype 
stabilizes, and the animals have an apparently 
nonmal fife span. The mice offen become obese, 
Which is not a feature of the human condition 
Inn attempt to reverse the neurological pheno 
type in mature female heterozygotes, we TM- 
treated. Siop!ore females. with clear new 
rological symptoms, These mice progressively 
reverted 0 a phenotype that scored at oF close 10 
Wild type (Fig. 3 and fig SS and movie 
soe fig. $3 for examples of detailed scores), 
luding normalized weight (Fig. 3D and fig. 
$6), Mouse 5, for example, had a phenotypic 


A 


wes 01-23-45 6 7/8 910 1112 131618 18917 
— 


Fig. 2. Reversal of the neurological phenotype by activation of the Mecp2 
‘gene in Stopy, cre males. (A) Time course of the Stoply phenotype. (B, Cand 
D) Plots of the phenotypic scores (@) and weights (x) of individual wildtype 
rcre-ER (Stop-cre) (D) animals 
after TM injections (vertical arrows). (See also fig. $2.) Stars in (D) indicate 
when the clips shown in movies $1 and S2 were recorded, (E) Aggregate 


(nt) (B), Stopy (Stop) (O), and 


score close to the usual plateau level and was 
‘obese at commencement of the weekly TM in- 
jection regime, but these features were both r= 
versed (Fig. 3D). On the other hand, Stop’ 
females lacking Cre-ER did not respond to TM. 
‘Southem blots showed levels of cassette deletion 

Stop re fernales that were consistently close 
to 50% (Fig. 3F). As the great majority of neu- 
rons became McCP2-positive aller TM treatment 
(fig. S7}, we suspect that recombination predom- 
inantly occurs on the active X-chromasome (see 
legend to fig. S7). The results demonstrate that 
late-onset neurological symptoms in mature adult 
Stop!* cre heterozygotes are reversible by de 
nove expression of McCP2. 

We abo assewed the effect of Mex? acti- 
ation on neuronal signaling. Long-term poten 
tiation (LTP) is reduced in the hippocampus of 
cqp2-mutant male mice (13, 14), but hetero 
‘azygous females have not been tested. We 
formed clectrophysiological analysis of Meep: 
heterozygous females (6) before and after onset 
‘of overt symptoms using both high-frequency 
stimulation and theta-burst (TBS) LTP induction 
‘protocols. Stimulation-response curves showed 
that the strength of basal synaptic transmission 
did not differ between symptomatic oF presymp- 
tomatic Mecp2"” female mice and wikbtype 
littermate controls (Fig. 4A). In addition, no 
significant difference in hippocampal LTP be- 
tween wikl-type and presymplomatic females 
was detected Afler symptom onset, however, 
LTP was significantly reduced in Mecp2"* 
females with both protocols (Fig. 4, B and C), 
The magnitude of the defect was similar to that 
reported in Mecp2-null mice (7). Te test for 
reversal of this effect, we measured LTP in six 
Stop/* re females that were TM-treated follow 
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the appearance of symptoms. LTP was mea 
sured 18 to 26 weeks afer commencement of 
TM tweatment. Control Sion’ and wildtype 
simals were also TM-treated and analyzed. The 
hippocampal LTP deficit was evident in symp- 
tomatic Siop/* mice lacking the cre-ER trans- 
gone, but in TM-treated Stop/*.ere mice, LTP 
‘was indistinguishable from wild type (Fig. 4D), 
which demonstrates that this pronounced 
cctrophysiological defect is abolished in. mae 
tune adults by restoration of MeCP2, 

Our data show that developmental absence 
of MeCP2 does not imeversibly damage ne 
rons, which suggests that RTT is not strictly a 
rncurodevelopmental disorder. The delayed on 
Of behavioral and LTP phenotypes in Mecp2 
females emphasizes the initial functional integ- 
rity of MeCP2-deficient neurons and fits: with 
the proposal that MeCP2 is required to stabilize 
‘and maintain the mature neuronal state (4, 6), 
Consistent with the maintenance hypothesis, the 
time taken for major symptoms to appear post- 
natally in females heterozygous for an MECP2 
‘mutation is similar in humans (6 40 18 months) 
and mice (4 10 12 months), despite fundamental 
interspecies differences in developmental mate 
rity at this time, The restoration of neuronal 
function by lite expression of MeCP2 suggests 
that the mokcular preconditions for normal 
MoCP2 activity are preserved in its absence, To 
explain this, we propose that essential MeCI 
target sites in neuronal genomes are encoded 
solely by pattems of DNA methylation that are 
cstablished and maintained normally in cells 
lacking the protein, According to this hypothesis, 
nnowly synthesized MeCP2 molecules home 10 
their comect chromosomal positions as dictated 
bby methy-CyG pattems and, onee in place, re= 
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symptom score profiles following TM injection of Stopiy.cre (n= 3 to 6, 
‘except *, which was a single animal) and Stop’y (4, n = 4 to 5; except at and 
#, which are 2 and 1 data points, respectively) mice. (F) Survival profiles of 
Tittreated Stopycre mice and control Stopy mice. (G) Southern blot 
showing deletion of the lox-Stop cassette anes 3 and 5) after a weekly TM 
injection regime + booster injections 
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Fig. 3. Reversal of late-onset neurological symptoms by Mecp2 gene induc- 
tion in mature adult Stop/+;cre females. (A) Time course of symptom onset. 
TM administration began during the bracketed period (TM3). (B, C, and D) 
Phenotype (@) and weight (x) profiles for a Stop/+ female (B) and two 
‘Stopr+,cre females (C and D). All animals shown were subjected to either five 
daily TM injections or five weekly plus three booster TM injections (vertical 
arrows). Animals subject to weekly injection regimes were scored blind as 
part of a mixed genotype cohort. () Plot of average symptom scores for 
females with wt (°, m= 5 to 6), Stop/ (A, n= 6 to 7), and Stop.+.cre 


> 


Fig. 4. Adefict in long- 
term potentiation (LTP) 
accompanies onset of 
symptoms in. mature 
adult Mecp2""°"* het- 
‘erozygous females and is, 
reversed by Mecp2 reac- 
tivation. (A) Stimutaion- 
response curves in 
symptomatic (blue) or 
presymptomatic (red) 
Mecp2"~ female mice 
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(, m = 5 to 11) genotypes. Repeated measures analysis of variance 
(ANOVA) compared Stop/+ and Stop/+,cre female scores in weeks 11 to 16. 
F) Southern blot analysis of the effects of TM treatment on a cohort 
including six Stop/+,cre anes 5 to 10), six wt (lanes 11 to 16) and six Stop/+ 
(lanes 17 to 22) females. All three genotypes received TM, Restriction 
fragments derived from Mecp2 lox-Stop (Stop), deleted Mecp2* (A) and wild 
type (it) are marked with arrows. Brain DNA from animals 32 and 5 shown 
above are in lanes 9 and 6, respectively. Lanes 1 to 4 show blots of wt male, 
‘Stoply male, Stop/+ female, and Mecp2™* female, respectively. 
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‘and wf littermate con- 
trols (blac; all P> 0.05). 
(B) Measurements of LTP 
using a high-frequency 
stimulation (HFS) para~ 
<digm in presymptomatic 
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‘Stimulus (mA) 
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tiol groups (n = 7 and 8; 
pooled data plotted). 
(©) Measurements of LIP 
using theta-burst stimu 
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symptomatic (n = 9; 
P< 0.05) Mecp2* 
mice, and wt female fit 
termate contol groups 


(n=7 and 8). (D) HFS-induced LTP measurements in TM-treated symptomatic Stop’+ mice (n = 11; P < 0.05), Stop/+,cre mice (n= 


mice (n = 9; P > 0.05). Recombination data are shown in Fig. 3F. Insets in (B) 


> 0.05), and wt 
) to (D) show representative voltage traces before (1) andl after (2) LTP induction. 


Two-way repeated measures ANOVA was used to assess significance throughout. 
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sume their canonical roke as interpreters of the 
DNA methylation signal (15, 16) 

Our study shows that RTT-Hike neurological 
defects due to absence of the mouse Mecp? gene 
ean be rectified by delayed restoration of that 
gene. The experiments donot suggest an 
immediate therapeutic approach to RT, but they 
establish the principle of reversibility in a mouse 
model and, therefore, raise the possibility that 
neurological defects seen int this and related 
human dlsomders are not imevocable 
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CLINICAL PROTEOMICS: 
COMING TO TERMS WITH COMPLEXITY 


Proteomics can explore what is going on (or going wrong) in a particular tissue 
at a particular time, Such knowledge can help to develop diagnostics and to 
select compounds and doses for ¢ 
use is a conundrum. Protein content varies from cell to cell and minute to minute. 
Abundant proteins mask the presence of rare but key proteins. It is hard enough 
to find reliable differences between 
to be helped by a drug and those likely to be harmed by it. Even harder is homing 
inon the differences that really matter. By Monya Baker 


nical trials. But selecting the information to 


isease and health or between patients likely 


he early days of proteomics were characterized by optimistic naiveté. 
Large-scale study of the body’s proteins promised to reveal new 


drug targets plus markers that would diagnose disease and reveal 


when and for whom a drug was working. The ease of generating 


with inconvenient or inadequate techniques for controlling 


paire¢ 


variation, spawned poor experimental design. 
Eventually, researchers looking for protein differences between 

experimental and disease groups began to realize that what they were 

directly to diseases 

st to detect ovarian 

cancer were halted following criticism that the protein profiling patterns could not 


finding either could not be replicated or could not be tied 


or drug mechanisms. In 2004, sales of an 


arly proteomics t 


be tied down to a consistent set of proteins, Just last year, the journal Pro 
issued a set of standards for submitted research and acknowledged that the rapid 
expansion of the field had led to publications of questionable quality (Wilkins, M.R. 
et al, Guidelines for the next 10 years of proteomics. Proteomics 6:4-8, 2006). 
“There is a lot of exuberance when technologies do things that 
not attainable,” says Scot Weinberg, former head of proteomics at Ciphergen and 
now CEO of GenNext Technologies, a company that trains scientists for translational 
ch. He thinks proteomics was harmed 
has only recently started to listen to common sense. 


re previously 


ese early on by “blinded enthusiasm” that 


For proteomics studies to yield applications for clinical research, companies 
must master the science of smart trade-offs. Researchers must simplify complex 
mintures of proteins so that they can be analyzed reliably, but not so much th 
they eliminate the very differences they hope to find. Conversely, scientists must 
ensure techniques that collect data on hundreds of thousands of peptides don't when technologies do things that 
pull out differences that don't actually exist. And once protein differences are 

identified, teams developing drugs and diagnostics must decide how, and how were previously not attainable. 9? 
wel, to character 


66 There is a lot of exuberance 


hem. 


Lowered Expectations 


ook for these Upcoming Articles 
Proteomics advocates never tire of describing lpcoming 


how a protein-level view of biology 


can reveal more thana survey of gene transcripts. “The mRNA levels might change, Genomics — March 16 
but not be consistent with the protein changes,” says Yuqiao (Jerry) Shen, vice Cell Signaling ~ April 6 
president of research and development at Applied Biomics. He estimates that Stem Cells — April20 
transcripts and proteins are correlated less than half the time. “Proteins are harder RNAi — June s 


toanalyze.” he says, “but they give you more direct information.” inued » 


149 


Ultimately, researchers often choose 
not the technique that enriches fora 
biologically interesting set of proteins 


but one that they can trust or afford. 


The technology of proteomics is less mature than that of its cousit 
genomics. Commercially available DNA microarrays can interrogate 
the expression of every known human gene even in tiny samples. 
but the most optimistic advocates estimate that a proteomics survey 
will detect only one-fifth to one-third of the proteins in a sample. If 
researchers want to monitor a set of proteins from sample to sample, 
those fractions are even smaller. 

One of the most significant advances in using proteomics to guide 
drug and diagnostics development is that researchers have stopped 
trying to be as complete as they can be with genomics, says Jenny 
Harry. deputy CEO of Proteome Systems in Sydney. Australia. “initially, 
people used to try to make the technology display every protein in 
the proteome. That was an impossible task.” Now, researchers tend 
to.ask more limited, pertinent questions. 

Clinical proteomics works best as a “practical science,” says 
Howard Schulman, vice-president of biomarker discovery sciences 
at PPD, a large contract research organization. “You don’t have to 
define the entire systems biology,” he says. “You have to find enough 
things that change reproducibly that turn out to be useful.” To do so, 
researchers must first imagine how protein profiles might be altered 
when a patient has a disease or when a drug affects a particular 
pathway, Then, they look for the samples and proteins that could 
‘eveal these differences, 


‘Sample Collection and Protein Enrichment 

Proteomics faces a strategic dilemma even before samples get near 
‘a mass spectrometer, the workhorse of proteomics research, In 
general, researchers must choose between less-informative samples 
from many patients or more-informative ones from fewer patients. 
Heart tissue might be ideal for studying cardiovascular disease, but 
collecting biopsiesis difficult, Blood and urine are the most accessible 
but tend to be far removed from disease. Any proteins that leak from 
diseased tissue into the bloodstream are vastly diluted within a 
patient's body. Their presence will be masked further by much more 
abundant plasma proteins, and their characteristics modified by 
proteases and other substances in the blood or urine. 

Even if diseased tissue can be sampled directly, as in a tumor 
biopsy, tissues are heterogenous mixtures of cells; a tumor may 
contain highly vascularized areas as well as other areas suffering 
from hypoxia. Consequently, the signal from the most relevant cells 
might be too faint to detect, Research teams can use avariety of tools 
to refine what they collect. Flow cytometry can select for certain cell 
‘types. Insome techniques, healthy and cancerous cells taken fromthe 
same biopsy (and thus the same individual) can even be compared: 
or laser capture microdissection can pull specific organelles from 
cells, allowing researchers to focus on proteins associated with 
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mitochondria, lysosomes, or other cellular fractions. 

But these techniques are costly and time consuming. It can be 
<ifficult both to collect enough tissue from one patient and to collect 
samples from enough patients. Scott Patterson, executive director of 
medical sciences at Amgen and a co-author of the recently published 
proteomics guidelines (Proteomics 2006 as above), says that the 

ifficulty of studying the individual cell types within tissues is the 
biggest barrier for using clinical samples in proteomics. 

Researchers steeped in molecular biology don't always realize just 
how difficult it can be to find rare proteins with mass spectrometry 
(MS), says Ruth Vanbogelen, who is in charge of helping researchers 
at Pfizer incorporate proteomics studies into research programs 
across the company. Since no equivalent of PCR exists for proteins, 
they can only be detected if isolated in sufficient levels at the outset. 
The difference in concentration between the most and least abundant 
proteins in blood is around 10%. 

Researchers deplete abundant proteins to boost signal from less 
abundant proteins, but rare proteins are still hard to see. “If you 
remove 99 percent of the serum albumin, then most likely your most 
abundant species is still going to be albumin.” observes Amgen's 
Patterson. Moreover, the affinity columns typically used to remove 
these abundant proteins introduce new sources of variation. Even if 
the amount of abundant proteins removed from different samples 
varies by only a fraction of a percent of the original amount, the 
concentrations left in the samples can vary by 5ofold. Worse, 
techniques to remove albumin and other abundant proteins tend to 
remove less abundant ones as well, often in irreproducible ways, 

After depletion, researchers need to concentrate a particular class, 
of proteins within a sample. Ideally, these techniques enrich proteins, 
based on hypotheses of which proteins are likely to be biologically 
important. Techniques can pull out proteins that have been 
glycosylated, polyubiquitinated, or phosphorylated, with varying 
degrees of reliability and cost. Ultimately, researchers often choose 
‘not the technique that enriches for a biologically interesting set of 
proteins but one that they can trust or afford. Additional variation 
is introduced during the analysis stage, since mass spectrometry 
cannot simultaneously detect and identify every chemical species in 
a sample. 


Bringing Proteomics to the Masses 

Standardized techniques could reduce variation across experiments. 
So it's no surprise that kit and reagent companies are beefing up 
their offerings. David Smoller, vice-president of R&D at Sigma- 
Aldrich, estimates that his company's investment in proteomics has 
probably quadrupled over the past five years. Bio-Rad acquired the 
proteomics side of Ciphergen last year and hopes to “democratize” 
the technology so that biologists rather than MS specialists can run 
‘many of the experiments. 

Part of Vanbogelen’s job at Pfizer is to work with commercial 
suppliers and even competitors to disseminate proteomics tools. 
“Clinical proteomics is one area where intellectual property is not 
important and the freedom-to-operate concept is a key driver,” she 
says. Inaddition to making benchwork easier for users, gold-standard 
kits and reagents would mean regulators are more likely to trust 
results from proteomics experiments, Amgen’s Patterson co"iiwued > 


says that kits could be very useful, particularly for standardizing 
sample preparation, but that researchers have quite a wait before 
such products will be bought and trusted by drug companies. 
Vanbogelenis more optimistic."How muchisavailable right nowis 
limited,” she admits, “but by 2010, we'llhave seen that big shift.” Still, 
she thinks it might take until 2050 before there's a way to measure 
40,000 proteins, comparable to the number of transcripts that can be 
measured today on commercially available DNA microarrays. 


Saved by Statistics 
In the early days of proteomics, few researchers understood just 
how standardized studies needed to be during the discovery 
stage. Now, they are realizing that even rigorously standardizing 
techniques wor't eliminate variation. That does not make analysis 
impossible, but it does mean that researchers must make sure that 
the biologic variation can still be seen despite variation introduced by 
‘experimental techniques, 

To avoid finding artificial differences created by protein processing 
‘and analysis, researchers can label proteins in samples differently, 
then mix, process, and analyze them together. The ratios of the 
differentially labeled proteins should reveal biological variation 
between the samples. Avariety of techniques exists. Applied Biomics, 
a certified service provider for GE Healthcare, labels proteins in 
samples with differently colored fluorescent dyes, and dissimilarities 
between samples show up readily in 2-dimensional difference gel 
electrophoresis (DIGE), Other techniques include PerkinEimer's 
ExacTag and Proteome Sciences’ Chemical Mass Tags, Sigma's AQUA, 
‘and Applied Biosystems’ ICAT, and can be used with gel or gel-free 
‘separation systems. Still other methods require heavy isotopes to 
be incorporated into proteins as they are produced, and so are not 
‘always practical for work on human samples. 

Labeling samples can make statistical analysis possible, says 
Pfizer's Vanbogelen. Label-free methods, she says, tend to create 
‘what her team calls “holey spreadsheets,” where information for 
thousands of different proteins is simply missing. With a label-free 
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method, she says, you can run the same sample through a mass 
spectrometer six times, and only about 5 percent of the proteins will 
show up in all six runs, a rate too low to run a statistical analysis to 
find differences between groups. But if samples are labeled, several 
‘can be runat once, and this allows enough datapoints to be collected 
for multivariate statistics. However, better software to identify 
proteins from MS data is making label-free methods more useful, 
2 development that will open up proteomics to broader groups of 
researchers. 

Infact, the improvement of statistical techniques for both labeled 
‘and nonlabeled proteins is one of the most substantial advances the 
field has made, says Stephen Kingsmore, president of the National 
Center for Genome Resources in Santa Fe, New Mexico, Particularly 
useful are methods that can correct for the false discoveries that 
crop up whenever computers crunch through mounds of data. 
New enthusiasts don't always appreciate that they need to design 
experiments that collect the right data to answer their questions. 
“The idea that you can pull a mass spec into the room and have it 
‘magically deliver the goods is naive,” says Kingsmore. “The error that 
people make all the time is they get their data set and then think, 
‘Now what am | going to do with it?” 


Bringing in Biology 

PPO's Schulman says that he's seen research and development 
‘gr0ups get more sophisticated over his years working for proteomics 
providers. Early on, he says, he would meet with protein chemists who 
knew how to separate components in a mixture but were unfamiliar 
with surveying large numbers of proteins within a sample. Now, says 
‘Schulman, he's more likely to meet with broader biomarker teams 
of experts who approach the problem from a clinical and biological 
vantage, not simply a technical one. They consider what kinds of 
samples can be collected and what classes of proteins should be 
enriched, not just how to generate the data. 

Proteomic studies can indicate that a drug or disease has changed 
the concentrations of particular proteins, but not why. Kieally, 
additional literature and laboratory research will suggest biological 
reasons for these results along with further ideas for study. In any 
case, to translate proteomic studies into clinical decisions and other 
applications, most researchers believe they must shift from profiling 
proteins to validating the relevance of just a few. 

That shift requires another exercise in trade-offs. Multiplexed 
antibody tests are relatively easy to perform, results vary little from 
test to test, and technologies to measure several proteins at once are 
improving. However, creating such tests can take several months, and 
‘cross-reactivity is a problem. On the other hand, anew advance in MS, 
multiplexed reaction monitoring, is more sensitive and less variable 
than other MS profiling techniques. Yet, it only works for abundant 
proteins and is still more variable than reagent-based tests, 

But such debates are a sign of progress. Proteomics is littered with 
work that stopped at the discovery phase, says Peter Schulz-Knappe, 
chief scientific officer of Proteome Sciences. “The need is not just 
to do discovery but to commit yourself after discovery to do proper 
assays.” In other words, proteomics research can become useful only 
‘when the study of the proteome shifts to the study of proteins. 


‘Monya Baker isa freelance science writer based in San Francisco. 
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wwew.giagen.com 
Human Protein Microarray 

The ProtoArray Human Protein Microarray version 4.0 enables rapid 
profiling of thousands of biochemical interactions in as little as one 
day, Users can screen biological samples or labeled probes against 
8,000 unique human proteins from multiple gene families in 
a single, rapid experiment. Full-length, native human proteins 
from a broad range of protein classes are arrayed in duplicate on 
nitrocellulose-coated glass slides. These high-content protein 
microarrays can be used for identifying disease-specific protein 
biomarkers, mapping protein-protein interactions, profiling 
antibody specificity, and performing target discovery and validation, 
Invitrogen For information 800-955-6288 

wwninvitrogen.com 


Proteomics-Grade Detergents 
The Variety packs are high-purity detergents suitable for membrane 
and total protein extraction, These proteomics-grade detergents 
are purified to reduce levels of peroxidases, aldehydes, carbonyls, 
heavy metals, and other contaminants. They are packed in a 
glass vial under inert gas to maintain quality. The Variety packs 
include 10 mi each of 10 nonionic, ready-to-use detergents. 
G-Blosciences /Genotech For information 314-991-6034 
www.GBlosciences.com 


Proteomics Standard 

The Universal Proteomics Standard is a complex mixture of 48 
human proteins designed to enable researchers to better assess 
proteomics strategies, troubleshoot protocols, and normalize results 
from day to day and lab to lab. The protein mixture was evaluated 
by more than 100 independent proteomics laboratories worldwide. 
‘SigmaAldeich For information 314-286-7616 

wor SigmaAldrich.com 


Gel Documentation System 
The CSL MicroDOC is a compact, transportable, and inexpensive gel 
documentation system that produces high-quality images. Its integral 
16-bit charge-coupled device digital camera provides resolution 
of 8.0 megapixels. A wide variety of images from agarose, other 
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‘Sample Processing Platform 
‘QiAcube is a compact platform that incorporates novel and proprietary technologies to allow 
users to fully automate the processing of almost all Qiagen consumable products. The platform 
‘can be used with more than 100 spin column-based protocols for DNA, RNA, and protein sample 
processing. The protocols are based on the same Qiagen consumable products that are used 
‘manually in more than 40,000 laboratories around the world, enabling effortless migration to the 
automated system, There are several hundred proprietary technologies incorporated into these 
Qiagen consumables, so by running them on the QlAcube, users Can free up time and enjoy even 
higher levels of quality and performance. This compact system s designed forthe low-tomedium- 
throughput range orlaboratories engagedinresearch,applied testing, and molecular diagnostics, 
. Qiagen For information +49-2103-29-11710 


fluorescent gels, colorimetric gels, autoradiographic film, and blotting 
membranes can be viewed from the system's high-definition, 8-inch, 
thin-film transistor liquid crystal display. Files can be saved in a variety 
of formats, such as TIF, JPEG. RAW image, or QuickTime, ready for 
transfer to computer systems for storage and further analysis using 
the included USB cable. Images can also be printed directly from the 
MicroDOC. A 55-mm ethidium bromide fiter includes a built-in safety 
‘switch to turn off the ultraviolet transilluminator when the door is open. 
Cleaver Scientific For information +44 (0) 1788 565 300 
wwrwcleaverscientific.com 


Crystal Imaging for Protein Crystallography 

Designed to fit on a lab bench, the Desktop Minstrel is a modular and 
‘expandable protein crystal imaging and analysis system. The Desktop 
Minstrel can be configured to meet a range of applications, from low 
throughput research to high throughput drug discovery programs. 
The system automatically images crystallization experiments and 
links images with crystallization conditions. The data are captured in 
CrystalTrak, a complete virtual crystallization laboratory that provides 
‘a chemical and crystallization database and data analysis tools. 
CrystalTrak provides a powerful interface for viewing images and 
conditions for evaluation and scoring. With a high-resolution imaging. 
system that can visualize hanging drop. sitting drop, microbatch, and 
{ree interface ditfusion experiments across most commercially available 
plate types. the Desktop Minstrel facilitates scoring and reporting as 
well as experimental design and project management. The instrument 
is cold-room compatible and expandable to a s6orplate capacity, 
Rigaku For information 281-362-2300 

swvew Rigaku.com 


Dual Channel Surface Plasmon Resonance 

Introducing the SR7000DC Dual Channel SPR instrument, a powerful, 
flexible and affordable instrument for determining biomolecular 
interactions. The SR7000DC provides real-time, labelree, simultaneous 
‘monitoring of sample and reference channels and is useful in proteomics, 
‘genomics, and antibody studies. its modular design is easily configuredto 
‘do customized research. Fluidic configurations range from manual tofully 
‘automated with an optional autosampler. It is able to do kinetic studies 
of small molecules up to 200 Daltons. Temperatures are programmable, 
micro or macro flow cells are available for different surface work, and flow 
rates can be run fast or slow. 

Reichert For more information 888-849-8955 

weww.reichertai.com 
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ASSOCIATE or FULL MEMBER 
HIV Vaccine Trials Network 

‘The Fred Hutchinson Cancer Research Center is 
currently recruiting full-time faculty position at the 
Associate or Full Member level who wil be a central 
figure ia the leadership of the HIV Vaccine Trials 
Network (HVTN). This is an opportunity to help di- 
rect a global vaccine network, 35 well a build either 
2 laboratory-based or infectious disease epidemi- 
ology research program in global health-related 
faseines. This person will work with the HVT 
IKadership to facilitate intcraction with other clinical 
rescarch programs globally and locally. 

The successful candidate will ave an M.D. 
(Board-<lgible/Board-certified) or a Ph.D. with 
eapericnce as a clinical investigator in HIV medicine 
for viral vaccines. Expericncc with establishing. an 
Independently funded research program ts desired 

Interested candidates may ‘submit a letter of 
interest, curriculum vitae, and statement of research 
plans to: 


Lawrence Corey, M.D. 
HIV Vaccine Trials Network 
‘Search Committee, Chair 
Fred Hutchinson Cancer Research Center 
1100 Fairview Avenue N., D3-100 
P.O. Box 19024 
‘Seattle, WA 98109-1024 


The Fred Huthinoon Caner Rowan Comer 
formative Action, Esl Oppertonny Employer. We ave 
‘deliuted 0 te goal of Ilding 4 boaly dere and 
plinalfihy ad af coomited 1 ting and working 
fo a mudtinlinal ewivonment and songly encunage 
‘prisons frm women, miner, dius eth 
(lie, and covert veteran. 


ASSISTANT/ASSOCIATE PROFESSOR 
‘(Tenure Track) 
‘Computer Science Morehouse College 

The Division of Science and Mathematics at 
Morchouse College secks candiates for tenure-track 
ASSISTANT anal /or ASSOCIATE PROFESSOR 
foitions in computer science. We seek an individual 
Possessing a Ph.D. in computer ssience and a strong. 
Commitment to undergraduate teaching. The sc 
‘cessful candidate és expected to establish a research, 
rogram that invohes undergraduates. Submit cur 
‘ioulum vitae, description of teaching experience and 
Philosophy, wescription of research interests and 
‘arver goals and the names and contact information, 
foethioe references tor Dr. Kenneth R. Perry, Chair, 
Department of Comparer Siece, Morehouse 

lege, 830 Westview Drive, S.W., Atlanta, GA 
30314. E-mail: kperry@morchouse edu. Deailine 
‘March 

Morchoe is am Lipaal Oppority/Afrmstive Aton 
Employer 


‘The College of William and. Mary invites ap 
ations for fulltime, one-year teaching pos 
fioo at the ASSISTANT PROFESSOR fel in 
microbiology. Previous teaching experience and/ 
Sr posnloctoal experience would Se advantageous 
Teaching responses wil include one uppertcxe 
microbiology course with laboratories fr nc 8 
Imester, and. another Course in an ara of the can 
Ainuite’s expertne for the second. semester. The 
invndul scleted wil suo be encouraged tou 
fee anderen: Mtge recarch, Reion 

sms on February 23, 2007, and wil continue un 
{i the appointment is mae. Submit lwer of 
Flicaton, curcalum vac, a eatcment of teaching 
Expeione, ant nce names of reference to De Patty 
Zrollo, Department of Biology, Milingon Hall, 
‘The Cotkge of Wiliam and Mary, Williamsburg, 
VA 23187°8795, The Cleo Win and May 
Egl Opry fain “ion Unt Momo 
of undereprsented groups (onieading people of color, persons 
Sib duckinwy, Voter rane, ad nd or omg 
worn 


UNIVERSITY OF CALIFORNIA, DAVIS 
School of Medicine 
Deparment of Physiclogy and Membrane Biology 
‘The Deparment of Physiology and Membrane 
Bigg, atthe University of Calor, Divs School 
fF Maine, rcriing a midarcer fculty mem 
tee fora wate fanded, tenure-track postion a the 
ASSOCIATE/FULL PROFESSOR evel as pat 
‘Pte Membrane Biology Initiative. The Dep 
ment of Thyaology and’ Membrane Biology his 
tecently hired 38 nor facilty, one of whom was 8 
jaune hire withthe newly formed Shier’ Hopital 
Tntitte for Pestrc Regenerative Mecliine, C3 
didates mist poncet a PhD. and/or MLD. degree 
Sint have demonsrted academic Teadership 3c 
‘SCnced rom superior investigative accomplishment 
sustaned extramural finding, ecational exelince, 
Sint efecve mentoring and serie. The individ 
ileal forthe pout cap to aa 
high quay rescirch program and to participate i 
the clching of medic an prauate suger The 
‘ost important rita th conseaton of api 
‘ints are (1) recond of rescarch excelencey re 
Stvity and innovation, (2) a demonstrated aby to 
Sommunicateeflectively a8 an cicator, and (3) 8 

ory of fentring collaborative retcarch The 
research interests of cent departmental facy 
dre find inthe area of eandioaacular piv 

‘rth an emphasis on membrane 

tihcnomena. Ii eapested thatthe succes cai 
Sate will comperent ard exter the esting strengths 
lf the Deparent sn integrate with one or more 
‘ofthe School's state focn areas (canonascu 
euros, nts dace and ac) In 
‘als that poses the potent to interface with an 
promt tan an pant 
{Gr sous are encouraged app the Dep 
tmeat web alten b weleeet hap fwwwtekme 
tiedavis.edu/physiology/ and website: hitp:// 
www physiology .ucdavis.edu/._ 

Tener of intrest, curmcuam vitae, up to thre 
representative reprint, synopsis of escach plans 
{pas pecsnt an ure gal), sumenay of teaching 
ipctience/philsophy andthe names addresses. 

references showkl be forwanied to Martha Ee 
O'Donnell, Ph.D., Chair, Search Committees, ¢/o 
Department of Pigsiology and Membrane Biol. 
ogy, 4136, Tupper Hally East Health Sciences 
Dive, Unversity of California, Dati, CA 98016, 
The postion wil he open nt ile oe fal 
sidcrtion. application should be received 
Somber 30, 2007. Webwite:hetp://wwrw' physiology. 
edavicedu/.. Tie nny of Calter a Tapa 
Oppraatyfinate Aton Ege 


eT 
pean co 
NEC 

pty erative perog sr 
Be erent ee) est 

reg spelpem agian pare! 
re fa bal ree os ke eS 
sear eet cf Deane ofits 
online at website: hitp://www. s.gov/ohr/ 
mp pel ee 
re lle rllag Aire a 
frp rere np ey ps 
eee pee 
orale ar pombe pe 
on February 20, 2007, and close at midnight EST 
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“stot NATIONAL INSTITUTES OF HEAL 


DIRECTOR, PSI STRUCTURAL GENOMICS KNOWLEDGEBASE 
National Institute of General Medical Sciences (NIGMS) 


@ 


NIGMS is secking an individual o serve as the Director ofthe PSI Structural Genomics Knowledgebase (SG-KB),a key component ofthe Protein Structure Initia 
tive (PSI), The PSI isa national research program in the emerging ficld of strctural genomics. The long-range goal of the PSI is to make the three-dimensional 
‘omic-level structures of most proteins easily obtainable from knowledge of thei corresponding DNA sequences. The PSI SG-KB will serve as a headquarters 
for scientific data and knowledge generated by the PSI-funded centers, 0 that they may be widely available to the scientific community. Lnformuation about the 
PSI may be found at: hip:/www.nigms.nih gow Initiatives/PSI him. 


Requirements: The position will be a part-time temporary assignment for up oo years, with the possibility of an extension for up 10 two additional years 
Individuals at an accredited U.S, public or private college or ynivetsity, OF lcchnicalinsitution of highenlcaming ar eligible to apply. Students and employees 
from forcign universities are not eligible for consideration: Individuals detailed tothe NIGMS remintemployees ofthe outside organization, and may only serve 
inan advisory or consultative capaci 


‘Candidates must have a Ph.D. or equivalent d&Gree ia field relevant o the position, The ideal candidate will have sCicntifc know ledge and research experience 
in one oF more of the following ficlds: moleeular biophysics, structural biology, genomics, bioinformatics, and computational biology. In addition, candidates 
should possess experience in broad networking interactions and collaborations inthe above rescarch fields, a proven track record in directing and/or managing a 


large sciemifie database or large research project, as well as strong leadership ability and effective communication skill. 


How to Apply: To be considered for this position, send tothe e-mail address below a CY, bibliography, and a vison statement (not 6 exceed three 


priges) that 


presents your views on how to maximize the wsefulness and impact ofthe Knowledgebase forthe greater biological community. 


NIGMSCV@mail.nih.gov 
Applications must be received By the closing date: March 30, 2007, 


The National Institutes of Health inspires public confidénee in our science by maintain- 


ing high ethical principles, ntdividuals detailed to NIH are subject to Federal govemment-wide regulations and statutes, a6 well as agency-specific regulations 


described at hit 
‘on 301-594-2758, 


Staff Scientist 


P'S Pulmonary-Critical Care Medicine Branch 


The Pulmonary Critical Care Medicine Branch (P-CCMB) of the Natio Hear | 
Lung. and flood Institute, Natignal Institutes of Heath, Department of Heath 
ans Human Services is recruiting a,Staff Scientist ro work inthe: Laboratory 
of Dr Stewart Levine. The Staff Scigatist will play a lead sole tn conducting 
clinical, translational. and basic studs, Clinical and transational studs will 
investigate diagnostic and therapeutic approaches to inflammatory lung dis- 


cases suchasasthima. Basie studies are imed at idcatif¥ing and characterizing 
molecular mechanisms regulating the genta of soluble cytokine receptors. 
suchas tumor necrosis factor receptors. The Wdeal éngidate will have expertise 
inprotcomics, cell biology, biochemistry ow eVtomeuy. and murine models of 
human discase, The succesful candidate will work With minimal supervision to 
successfully complete projects tht result in published manuscripts” Responsi- 
bilities will include performance of eyperiments, participation i clini tials, 
training of students and postdoctoral fellows, and management of laboratory 
and branch activities 


[Candidates should possess a Ph.D. (or equivalent) degree, have successfully 
ympleted postdoctoral training and have a strong publication record. The 
successful candidate will be offered a competitive salary commensurate with 
experience and qualifications. Appoinices must be US citizens resident aliens, of 
nresident aliens with a valid employment visa. Applications must be received 
Ny April 13, 2007. 
To apply, submit a curriculum vitae, statement of research interests and arrange 
tohave at leas three leters of recommendations sent to: Vineent Manganiello, 
M.D. Ph.D., Chair, Search Committee, Palmonary-Critical, Care Medicine 
Branch, NHLBI, Building 10, Room $N307, MSC 1434, Bethesda, Maryland 
20892-1434, Email: manganiy@rnhlbi.nih ov 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


/ethics.od.nihigor. We encourage you toreview this information, You nity contact Kimberly Allen with questions reparding this announcement 


‘Tenure/Tenure-Track Position 
Laboratory of Persistent Viral Diseases 
Rocky Mountain Laboratories, Hamilton, Montana 


The Laborato) of Fess Viral Dyseascs(LPVD), Rocky Mountsin Laboratories, NIAID, 
Nit, DHHS, in Hamito, Moots, scks applicants (6ra enurd or tenure-track, positon 
lv essstaetpofesor equivalent o conduct independent research ce host mune ot 
infamastey expenses im ncuroptboger viral diseases Conates witha background in 
or ingle ret, incloding rewrinitarmation and plows are prefered hose 
nara in neunbioogy, box bem pathogenesis of CNSinfetons ate alo encourgsd 
to apply. Candidates mest bold 8 PhD., D.VM, of M.D. degree and have a minimum of 3 
year of leva pexoctoraexperence Candidates must be able to develop an independent 
rcsarh program, superset and fellows, and collaborate with ober LPVD reseanhers 
woking on CNS ial erprion diseases 
Rocky Mains Laboestois' sito the-art fais ince an operations BSL aii, 


be sco Bierce Valcy of wetem Montana wtheasy acces ts ofthe finest out 
recreational ppt it No America. Aditonalnfrmaton onthe positon may be 
asic by contacting Brace Chesc at Whose ihe. 
Application Process: Salary depends on degree and quaificatons. Te apply, submit a cut 
ula vibe and bibliography, acting ali of your five most igicat paper, and 3 
2S page deception of proposed tecatch progam, via eal to Mt. Fella Brauasten 
at bravest isi. go. In ation, thc lets of recommendation mst be sent 
net fom the refres Ms Fela Brauesti, Committe Manager, NAID/NI; 
10 Center Drive, Bldg 10, RmAA3I, MSC-1386; Bethesda, MD 20892-1386, Aplica- 
oust refrcce AD #010 and rast ecived by Mareh9, 2007, Applicants willbe 
ectiicd whom th pplicstons ae rcv a then completed. Al infomation provided 
ey appticne il rerun confide 


Nd 


The 
to oversce preclinical rese: 
The NIAID is a major re: 


ch ae 


Due 


business managem 


execute in-vivo animal research contracts for the VRC 
munogen 
Medicine, and experience in fingn 


nalyze data from animal studies evaluatin, 
tory A 


‘The ideal candidate will be experienced in vaccifte development research, non-human primate studies, 
Ml will have a record of indspendeHitrescarch and peer-reviewed publication. 


studies, 


cientist selected forhis pasitiddwill have com 


jonal Institute of Allergy and Infectious Diseases (NIAID). Vi 
ities, investigat 


» the dual rescarch and animal medicine functions of the 
related scientific fickd, and a Doctorate in veterinary medicine, The posit 
nt skills encompassing laboratory animal medicine research, animal pro 


National Institutes of Health (NIH) 


novel vaccine de 


firtincial ov 
t¥ of vacci 
al averSight ofa large program & preferred, 


ed resoure 


fine Research Center ( VRC) is recruiting fora Senior Scientist (10 
ery methods, and serve as the head of the Labora 


ight, and eoptract/administrat 
sandidates. Board certifi€ation in either Veterinary 


10 support labor 


Senior Scientist, Vaccine Research Center 
National Institute of Allergy and Infectious Diseases 


ory oF A Medicine, 


ich component of the NIH and the Department of Health and Human Services (DHHS), 


ition, the VRC is secking candidates with a Ph.D. in virology, immunology or 
involves a broad spectrum of scientific research, veterinary and 


m management, ability to develop, manage and 
The candidate will plan, manage and 
thology or Labora 


and gitod laboratory practices (GLP) animal 


<d annual buxlget to 


cover services, supplies and salafies. Salaty will be based on the individial’s qualifications and expericnge? in the ange of $140-180k 


Interested candidates may conkict DeyJohn Mascola via E-mails VRC_Positions@ mail.nih.gov for additional information about the position, 
To apply for the position, candidates must submit a curricukim vite. bibliography, three k 


interests (limit to 3 pages) and reprints 
Researeh C 


er, c/o Intramural Administrati 


Drive: Bethesda, MD 20892-3013 or email hirschuv niaid.nib.gov by April 12%, 2007. 


iets of referenge, a detailed statement of research, 
up to three selected publications 16: National Institute of Allergy anid Infectious Diseases, Vaccine 
‘Management Branch. Atta: Ms. Marie Hirsch: Building 40-Room 1118; 40 


Arr YOU READY FOR AN EXCITING CAREER THAT COULD HELP IMPROVE 
MILLIONS OF LIVES AROUND THE WORLD? 


The National Insitute of Allergy and Infectious 
Diseases (NIAID), the second largest institute of the 
‘world-renowned National Institutes of Health (NIH), 
‘supports and conducts basic and applied research 
to better understand, treat, and prevent infectious, 
immunologic, and allergic diseases that threaten 
milion of lives around the world. 


‘The Division of Intramural Research (DIR) conducts 
allo the in-house research undertaken by he NIAID 
{and is involved in scientific research programs that 
cover a wide range of csciplines The Laboratory of 
Viral Diseases (1VD), DIR cartes out investigations 
‘nthe molecular biology of viruses, the interactions 
of viruses with host cells, the pathogenesis of viral 
ciseases and host defense mechanisms. Applied areas 
‘of research indude the development of recombinant 
‘expression vectors, candidate vaccines and antiviral 
‘agents LVD is seeking applications from exceptional 
<andidates forthe following postion: 


@ Hexp Us Het Minzszoss 


‘Scientific Operations Manager 

The incumbent of this position serves asthe 
‘principal advisor on scientific operational matters 

{wo the Laboratory Chie. The Scientific Operations 
‘Manager applies scientific expertise and knowledge 
of biomedical research methods and administrative 
‘procedures and concepts relative to health 
‘investigations in working dosely with the Laboratory 
‘Chie to formulate and implement plans and 
‘procedures forthe effective conduct of laboratory 
scientific programs and to develop, evaluate, and 
rect operational projects and activities inducing 
‘budget and human resources forthe efficent 

‘and effective management and use of laboratory 
resources This is an interface role that translates and 
interprets scientific requirements into administrative 
‘and operational processes. 


‘Applicants must posses a bachelor’s or higher degree 
‘that induded a major field of study in the biological 


‘or health sciences. The Ufiderstanding of and ability 
to provide management for Biomedical esearch and 
the ability todevelop evaluate, and direct operational 
projects and Scthvtes to enhance program 
productivity are required. 


Tolapply to this vacancy, please visit: 
hpdlusajobs oom.gow 


Vacancy number: NiAIO-07-166412-DE & NIAID-07- 
166412-MP, Salary: $79,397-$103,220; GS-601-13, 


Specific application procedures apply, Applications 
‘must be submitted to Human Resources by 
March 14, 2007. 


We invite you to explore our Institute and view 
‘additional opportunites at: 


DHS and NIH are Proud to be Equal Opportunity 


Employers 
National Institute of Allergy and 
1) 0 Infectious Diseases 


jenure) 


onvent 


Careers.o1 


Science 


Executive Director, Dauphin Island Sea Lab (Alabama) 


‘The Marine Environmental Sciences Consortiu/Dauphia Island Sea Lab (DISL) provides the admin 
istrative framework for a significant portion of Alabama's marine research, education, and outreach 
activities from 21 colleges and universities. In addition to involvement in undergraduate and graduate 
‘academic programs funded by the state educational trust fund, DISL faculty members conduct variety 
of research projects, funded in excess of 4 millon dollars per year by competitive grants and contracts 
‘The Sea Lab also delivers instruction in one of the angest K-12 marine programs in the country. 


Responsibilities: This postion reports to the Board of Directors, which includes the presidents of 1 
‘Alabama colleges and universities, through an Executive Committee. The DISL Executive Director 
‘will administer all aspects of the Lab and its relate facilities, and will advocate intemally and exter 
nally for marine related research. Essential functions include facilitating marine related faculty and 
‘academic program development; overseeing K-12 educational programming; developing marine related 
‘esearch programs and projects; enhancing funding: providing general oversight forthe DISL campus, 
‘vessels, and other physical facilities; coordinating state and endowment funds and oversecing budgets; 
supervising DISL administrative, vessel and diving staff increasing program visibility internally and 
externally; representing DISL on relevant regional and national groups and committees; establishing 
‘nd administering policies on matters related to the programs; participating as a member on the DISL 
Executive Committee and Boant of Directors. Effective state agency collaboration, and active promotion 
‘of support from the state legislature, i essential tothe stability and sucvess ofthe Lab. 


‘Qualifications: Ph.D. in biology, life sciences, physical sciences, or engineering. with an emphasis 
‘on Marine Science, Ten years experience in marine elated rexearch and development. Demonstrated 
success in management of complex research and educational projects programs at several levels. Excel: 
lent oral and written communication skills. Ability to work with a variety of constituencies including 
local, state, and federal agencies. 


Salary: Competitive and commensurate with experience. This isa fulltime, 12-month postion, 
Application Review begins May 1,2007 and will continue until postion is filed. Start date as early as 
‘September 1, 2007. Applicants should send a letter of intent, staternent of administration philosophy, 
‘curriculum vitae, and the names, adresses, and phone numbers of 3 references (letters are not required 
at this time) by e-mail to G. David Johnson, djohasona usouthaledu, 

electronic submission of applications is impractical, materials may be mailed to: G. David Johnson, 
‘Chair Executive Director Search Committee, Dauphia Island Sea Lab, 101 Bleaville Blvd, Dauphin 
Island, AL 36828, Potential applicants are encouraged to Visit the DISL website at: www.disLorg, 


EOR/ANMIFD 


fy synthetic genomics ~ 
Careers 
mics, In, is privately held 
tod wo developing and com- 
nersalizng the latest advances sn syathtic 
{genomics forthe production of clean and ss 
isinable biofuels that alleviateour dependence 
fo petroleum, enablecarbon sequestration and 
reduce grecnhouse gases 
We are currently secking a talented and 
highly motivated scientist to join our 
metabolic engineering team in La Jolla, 
CA. Please send your CV and cover liter 0 
har syntheticgenonis.com if you ae inter 
ested in applying forthe following pos 
‘Senior Scientist - Microbial Metabolic 
Pathway Engineering 
Successful candidate will conduct rescarch 
applying the latest advances in symhetic 
{onomics to the design and development of 
Inicrobes forthe production of novel biofuels 
Candidatemust tavea Ph.D. in Microbiology, 
Molecular Biology, of Biochemical En 
cering and demonstrated expericnce with 
ticrobial molecular genetics, biinforn 
analysis of metagenomic requence data, gene 
Synthesis, cloning and expression ina variety 
of microbial hosts and biochemical 
{ytcal characterization of engincored strains 
‘tpn sy mheticgenomics.com 
jmthetie Genomics is an 
Equal Opportunity Emplover: 


Hank Gardner and Marilyn Fiske Chair 


Mekong River Commission 


The role of MRC is toco-ordinate and promote co-operation 
in all fields of sustainable development, utilisation, 
management and conservation of the water and related 
resources of the Mekong Basin. MRC is seeking an 


ADVISOR, FISHERIES VALUATION 
Fisheries Programme 


Post level L-5 


The Advisor, Fisheries Valuation will undertake a 3 year 
study to determine the economic value of inland capture 
fisheries and aquaculture in the Lower Mekong Basin 
(South East Asia). 


For information, job description and application details, 
please visit MRC's web site at www.mrcmekong.org or 
send an email to mres@mremekong.org. 


Closing date for applications: 12 March 2007 


of Physiology 
University of Wyoming 


The Department of Zoology and Physiology at the University of 
Wyoming invites applications for a full-time, nine-month, tenured 
ULTY POSITION at a senior level, starting 2008. We are 
sccking a biomedical physiologist who is conducting innovative 
rescarch, and who will be able to complement and add to existing 
physiology research strengths (cell physiology, comparative 
Physiology, neuroscience) in the department and university 
(cardiovascular physiology). The successful candidate will have 
2 Ph.D., an externally funded research program, and be expected 
to teach in the department's physiology program which prepares 
students for futher traning in physiology and the health sciences. 
Start up and suppoet for the chair is available. The department also 
rescarch faculty in animal ecology and wildlife-fisheries 


Interested applicants should send a curriculum vitae, a statement 
of research and teaching interests, three publications that repre- 
sent their best work, and the names of three relerecs 10: 


id Physiology, Dept. 3166, 1000 E. Universi 
WY 82071. Fax: 307-766-8628, For further information by email: 
_zprequestia uwyo.edu or by Website: bt 
Applications should be submitisd by June 30, 2007. 


The University of Wyoming is a Carnegie Foundation Resear 
Doctoral Extensive Institution, and is an AN/EEO Employer 


Was 


THE 
WORLD DEMANDS 
AND YOU DELIVER 


Pioneer's legacy 
of excellence 

is reflected 

in its people. 


pioneer 


DuPont's significant investment in its Agriculture & Nutrition Platform, including Pioneer Hi-Bred International, has created 
challenging, cutting-edge career opportunities for you. Pioneer wants you to be a part of our industry-leading plant 
genetics and biotechnology organization. You will join a team of talented, dedicated professionals. A large number 


Of research opportunities exist at our 90+ worldwide research fa 


, including our headquarters in Johnston, lowa 


As the leading developer and supplier of advanced plant genetics, our international presence and affiliation with our 
parent company, DuPont, will give you the opportunity to expand your career, join a growing industry and make a 


positive, global impact. 


The World Demands... Can You Help Us Deliver? 
Learn more about Career Opportunities at http://www.pioneer.com/careers 


The Duet Ol Lago and Te aces cece a tatios 


egies bart wef svn rated Pree 8 


am 


The miracles of science~ 


erator e207, PL. CDG 


DIRECTOR 
International Institute for 
Applied Systems Analysis 


sis (MASA), 
highly qualified scientific 

the position of Director beginning 1 July 2008, The suc 

cessful candidate will oversee and guide a diverse research program 

combining natural and social science to produce scientifically b 

policy guidance on issues related to global change. Candidates sh 

combine a vision for HASA with scientific excel 

and diplomatic skills, fundraisin 

experience in intentiseipl 

tor should bea 


ary, policy-relevant research. The Di 
fectiven is 

inand membership of ASA. The Director supervises approximaicly 
200 scientists and support staff from 30 countries 


HASAis independent, governed by 
National Member Organizations. Applicants should have excellent 
written and spoken ic 
The Institute's management and 


Falke are committed toa work 
ing environment that promotes equality, diversity, and tolerance. The 
Institute encourages applications from all qualified candidates, 


The post is a 3-year position with the po 
and benefits are competitive with comp: te 
zations, Review of applications will begin on 1 April 2007, Submit 
{etter of application raphy, and contact info 

5 Vartia, Chairman of the 
‘o Tiina Forsman, The Academy of Finland, 
P.O. Box 99, FIN-00501 Helsinki, Finland. 


of renewal. Salary 


ion For 


Vilhonvuorenkatt. 


For more information about ILASA and this position, visit our web 
site at https/www.diasa.ate.at 


VANDERBILT School of Medicine 


Postdoctoral Positions in DNA Replication, 
Repair and Damage Response Group 


water Chaan We ate a group of faculty from a variety of 
departments who are interested in the molecular 
‘basis of DNA replication, repair and DNA 
damage response. Interactions between our 
research groups ae stimulated by our desire to 
understand how these processes are integrated, 
We aso share ideas, reagents and protocols. The 
diverse approaches and experimental systems 
used by the group provide unique opportunities 
for collaboration, discovery and training. 


David Con 


sould smi aber of 
letrest and careubn veae dct Oe 
pinay mesgaer J chace oereg, 
sdettrd flowg OA rept 
rept ad damage response, 
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UNIVERSITAT 
BAYREUTH 


At the University of Bayrouth the folowing position is cpen for applica: 
tion at the Faculty of Biology, Chemisty and Earth Sciences: 


Professorship (W2) Ecological Services 


The position wil be filed starting from 1" of July 2007, intaly led 
Unt 30° of September 2011. The continuation after that is subject to a 
positive evaluation. 


This professorship will contibute to the research focus on Ecology 
and Envronmental Science at the University of Bayreuth. The holder 
‘of the position is expected to cooperate closely with existing research 
‘groups (e.9. Bayreuth Center of Ecology and Environmental Research 
= BayCEER or Centre for Natural Risks and Development Bayreuth 
= ZENEB), Resoarch topics that are expected address the services of 
ecological systems to mankind in the context of global change. The 
position Is inking the field of ecology with interdscipinary sues of 
human or social interests. The teaching will focus on the Bite Study 
Program "Global Change Ecology” (M.Sc) within the Elite Network 
of Bavaria, but courses wil aso be offered for studies in Biology, 
Gooecology and Geography. Teaching language is English 


Tho successtul candidate must hold a university degree; prove his/her 
Potential for resoarch and teaching skils. Documented actties 19 
third-party funding are desired. Physically handicapped persons will 
be favoured, if equally quaified. To Increase the number of women i 
science, women are explicitly encouraged to apply 


‘Applications including CV, university certificates, research projects, 
publications should be sent before 31% of March 2007 to the 


oan of the Faculty of Biology, Chemistry and Geosciences 
University of Bayreuth 
'D-95440 Bayreuth, Germany 


UNIVERSITY of LOUISVILLE, 
—<—_——<_ 
Health Sciences Center 


Tenure-Track Faculty Position 


Developmental Neurobiology 
ttpi/nw Joulsile.edumnschorthdetectscenterAndes. htm 


The University of Louisville Binh Defects Cente, a NIHLfunded Contr for 
Bromodical Reseach Excellence, invites applications for tenure-track focuky 
sgpoieument atthe level of Asistant, Awiocite, of Full Professor i the area of 
Developmental Neorabislgy. Candilates secking appointment at the rank of 
Asocite or Full Profestor must have coment extramural research funding 
Candadats should have a recarch program in roemal andi abeermal animal 
roponeatal devehprcr widh a forue oe mechanisms peure velopment anon 
Size utlireg tastemporaly muleula pent, ckctropbysological andor 
Trion imaging approaches. Preference will be abown to applicants whose 
fescanh program complements onc or more of the Centr’ cxising progran 
Crapofacal and CNS devekapment human neurocogniion, bebavice a earn. 
Sevclopmental taxicolagy: computational systems biology of the developing 
Crparsum, and developmental repute of gone expression Candidates 
= st of poi 
‘Socesafl candies will ie expected 

indopendet and env ave reearch program that atrac extramural funding and 

vations. Opportunities exit 10 


a] 
> 


Faychiaty and Behavioral Sciences, and varied Cemervinsitues inching the 
(Center hr Genetics and Molecular Medicine, the Spinal Cord Injury Research 
(Center: the Early Childhood Research Cente. the Center for Exviontnceal Hel 
Sciences: and the Intitte for Pubic Health Research, among others. Salary and 
Rando appesimcet will be comnmcrsutte with eapononce and qualifications, 
Applicants rust apply online at wwwcoulsiexdu/jb for Job) 2009, at which 
tine a curiculon tite nant be oped” In addition, a single PDF document 
Cetaining 2 kitr of snigt with s fief descrgtion of curenUplaned scare 
‘Stites and the names of thace references should be set viac-al dectlyw: Dr. 
IM. Michele Pisano, Faculty Sear Cormitce Charman, at Draaheky @ galcom 


Lecturers in Animal Behaviour/ 
Behavioural Ecology (x2) (Ref: 4861) 


School of Psychology 


Exotor University is curently buldng an enthusiast, integrative, 
interactive, and broad group in Animal Behaviour with the goat of making & 
fan intemational conte of excelence, The new goup is led by 
Prot, John A Ender and the success ul candates wil jain him and three 
‘thar colleagues, with at least one further appointment to fotow. 
‘Tho following questons indicate the rok: What « the Behavour's purpose 
inthe sense of what are the problems tha the behaviour solves? How does 
solving the environmental or social problem maintain or enhance ftness? 
\Why and how does it eval? We seek highY interactive indhvduals who do 
atleast some work on natural populations of vertebrates or invertbrates. 
‘We havea preference or those interested in animal signaling. mate choice, 
habitat chotce, and prey choice related to ant-predaton mecharisms 
‘Tho successful applicant wil show evidence of an ongeal and independent 
research programme, high qualty publications, and prelerably some past 
resaarch funding. She/he wil develop teaching at the postgraduate or 
Undergraduate levl in his/her area of research expertise. 

‘The appointment salary willbe from £29,139 pa to £32,796 pa dependent 
upon qualifications, skils and achievements, with further progression 
avaiable to £35,837 pa dependent upon performance. Appointment may 
be possible ata higher level fo exceptionally well uated ndvicuals 
‘Applicaton packs are available tom wwwenstera 1k/fobe2007 e-mail 
jeor@exeteracuk or answerphone (01392) 263100, quoting reference 
‘umber 4961, The dosing date for completed appications is 16 March 2007. 
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4 Vacancies at 
European Malaria Vaccine 
Initiative, EMVI 


‘The European Malaria Vaccine Initiative, EMVI was 
established in order to address identified structural deficien- 
jaded malaria vaccine development. 
s to provide a mechanistn through 

pment of experimental malaria vaccin 
bbe accelerated within Europe and in developing countri 
EMVI s facibtating and contributing financially and techn- 
cally to nationally and intemationally funded malaria vaccine 
research and development. and it provides a mechanism to 
see candidate molecules through to limited industrial produc- 
‘ton and early clinical development phase 


EMVI secretariat is hosted by Statens Serum Institut in 
Copenhagen, Denmark. EMVI is secking a Product 
‘Manager, two Project Managers, and a Clinical Operations 
Manager. The positions are for 2 to 5 years. 


Salary: commensurate with experience, within current 
“union/employer” agreements with the opportunity for a 
qualifcations supplement. 


‘To see detailed information, please visit EMVI website: 
bitp://www.emvi.org/via20 tml 
Positions will remain open untl viable candidates are selected. 


MSUSM 


MOUNT SINAI 
SCHOOL OF 
MEDICINE 


ASSOCIATE/FULL PROFESSOR 
TENURE TRACKS IN 
GENETICS & GENOMIC 
SCIENCES 


The Depart 
of The Mount Sinai School of Medicine of New York 


pent of Genetics and Genomic Sciences 


University invites applications for Associate and Full 


Professor tenure-track faculty. Assistant Professors 


with track records of independent research also may 


apply, particularly those with an interest in Statistical 


Genetics, Genetic Epidemiology, and/or Bioink 


We seek PhD, MD and/or MD/PD faculty 


‘our active basic and clinical research pev 


attics 


» join 


focus on translational genetics. Individuals with 


strong research programs and a track recond of funded 


research and publications in the following areas are 


encouraged to apply. 


© Genomics & Gene Discovery: Genetics of Complex 


Diseases and Ag 


«© Statistical Geneties/Genetic Epidemic 


Bioinformatics 


© Pharmacogenetics & Pharmac 


netics & Che Structure/Functiv 


nent of Genetic Diseases 


Faculty pesitions include competitive salary/trie 


benefits, generous startup package, excellent 


office/laboratory space, and access to state-of the-art 


senomic, proteomic nul animal facilities. 


Applicants should forward their curriculum vitae, a 
statement of present and future research plans, current 
grant support, and (wo or three references to: Robert J. 
Desnick, PhD, MD, Department of Geneties & 
Genomic Scienees, Mount Sinai School of Medicine, 
Fifth Avenue at 100th Street, New York, NY 10029- 
6574. Email: robertdesnick@mssm.edu. Mount 


is an equal opportunity employer. 


Imperial College 
London 


Faculty of Natural Sciences 
Division of Molecular Biosciences 


2x Lecturers/Senior Lecturers 
in Systems Biology 


‘Salary range: £37,740 - £42,150 for Lecturers 
£48,560 mnimum for Senior Lecturers 


Imperial College i rarked in the top ton 
Luniversives ofthe word, according to the 2006 
Teves Higher Education supplomentlaague tabes 


Applications are nvted fr two posts in 
‘Systoms Biology at Lectureship or Senior 
LLectureshp level in the Division of Molecular 
Biosciences witha the Facuty of Natural 
‘Sciences, Imperial Collage London 

‘The Divsion i housed in state-of-the-art 
faboratones on the South Kensington Campus. 
Further information about the Divison can be 
found at to following wobste 

hip Jew peral dc ukimoloculaosciences 


‘A maj strategic aim of tho Division is to 
understand al the molecular level celular 
Processes as integrated systems including 
meochaniste dota of dividual components 
that consttute the systom. The Division hosts 
the newty-estatdshed Imperial College Centro 
{or Integrative Systems Biology (CISBIC; 
waw.epenalac.uk/isic), which i supportod 
‘by BBSRC and EPSRC and led by 

Prolessor Jarosiov Stark. CISBIC hes exemplar 
research programmes focused around analysis 
of the innate enmune response to bactoral 
pathogen infection based on a set of throo 
Intorinkod projects, each addressing 
fundamental issues in systoms biology and 
‘each involving closely interacting toams of 
biologcal and numencalresearchors. 


‘To dovolop turtor tho actviies of CISBIC, wo 
‘are seoking to recrut two highly motated 
Lecturer/Senior Leclurors in any aroa of 
ssystoms biology We are seoking candidates 
that have an understanding ofthe chatenges 
of intograting biological and numerical research 
Inthe wader context of biclogeal problems. 

(hal can be studied by a systems biology 
‘approach. One ofthe positons requires an 
femphasis on experimental approaches but the 
‘ther could be filed by a scents flowng a 
‘mote theoretical methodology. 


AA successful applicant wil also be expected fully 
to partcpate in tho teaching and adminisvatvo 
‘Sdivites of tho Divison. To mako informal 
enquiries about the post please contact 
Prolessor Paul Froomont, emai: 
plroomont@enpenal.ac.uk 


‘An application form and further dotaits can bo 
found at hips:/wwwimporial.2c.uk! 
‘employmenvacademicindex.him 


Completed application forms should be sent to 
Ms Sandy Gray, Division of Molecular 
Biosciences, Faculty of Natural Sciences, 
Imperial Coiage London, Biochemistry Building, 
‘South Kensington, London SW7 2AZ or e-mail 
‘Segray@mporial acuk 


Closing date: 7 March 2007. 
Interview date: Mid April 2007. 


Valuing diversity and commited to equality 
cof opportunty 
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Careers win Mass Appeal 
Assistant/Associate Professor 


Department of Biological Sciences 
The University of Masachusets Lowell Department in Balopxal Soeakes ives applications for aflame 
tenuretack postion, rank nec, to sat Fall 2007. The sacl caste lhe expected to ad 
‘aeorodh exteraly handed macarch program. and cllubatatun wat thm and other Jcpartmest erage, 
CGiteor aly rscarh neers ila bornlornans geactes plat sae, aarobwkag, cancer hd. 
inveterate Wology, developmental tology. vlog, macrbual ecology and bigeochembary: Our campus 
Ireaed very near the leant academe aad commencul bute oolgy crater of Bowton, Canben ad 
Worcester, 
Weare seching ndvalua with expense ne o more ofthe allowing ance Genet, Population Genes 
Tier Erotic tts thats code Uedope of tet bd edegpadespreaeon comers 
fivher expertne and partxipatin the texhung of coe nrgraduate coats 3s Be 
[MINIMUM QUALIFICATIONS: 
+ Famed doctorate 
+ Desmonwrated abi teaching the undergraduate ad graduate kvel 

tet to develop an wntain 2 eatery fanded esearch prozac 
+ Derwnstrated potent fr publcations an solar yours 
+ Eyelet communication and iterperwoal sll 
+ Demunraed ably working wit dvene student sd favuky popolation 
Applicants shoul sas the following materia by both mail ad cleric subeiion by March 16, 2007: 
‘curriculum va, copies of several recent eecach publications, 3 statamont of texcarch ad teaching iter, 
hrws cased ta pgs aad erage at oe lnbesefcomsncnanton beter 
Biological Sciences Faculty Search 
Deparimeat of Biopeal Sances, 
Unversity of Masachusas Lowell 
ne Universiy Avenve 
Lowell MA O18S4 
Job Reference #PCOAO20701 
nal matriah to bingy searcbO7 umd. 
ease inde referonce number in sbjet he of ex 
The Univeity of Mannschusets isan Equal Opportunity formative Aion Tle IX. HIV, ADA 199 Employer 


+ Go 


Microbiology/Immunology 


Assistant Professor 


ning in August 
gy and Imm 


i micobiologisVimmunoloy ist 

to complement the existing faculty in biolo- 
The candidate is expected to 

esearch activities that involve undergradu- 

ates, Start-up funds are available 

PhD required, prior teaching and research 

experince willl undergraduates desiable. 

Please include a cover letter, current cur 

riculum vitae, statement of teaching philos: 

‘ophy and a statement of research interests, 
fes of Uanscripts and name and contact 
remation of three references. 

To apply go to jobsutedu. 

Review of applications will begin March | 

2007 and continue until the postion is fille. 


STATISTICAL GENETICS/GENETIC 
EPIDEMIOLOGY 
JRE TRACK POSITIONS 


Te 


The Department of Genetics and Genomic Sciences at The Mount Sinai School 


of Madicine of New York University secks outstanding applicants for several 


renure-trick faculty positions in statistical genetics and genetic epidemiology'as an 
Assistant, Associate of Full Professor, Successful candies will join our new 


Center for Statistical Genetics and Genetic Epidkem) 


gy which was created my 


complement and collaborate with Mount ums in the 


ai’s strong research p 


ssenetics of complex traits in cancer, candiovsscular, metabolic, neurodesenerative, 


and psychiatric disorders. Ourstand 


portunities are available for basic and 


1 research as well as participation in elucational activities 
Faculty positions include competitive saluryffringe benefits, generous startup 
package, and excellent office/laboratory space and computer facilities. Rank and 
slary are come 


urate with experience and research accomplishments 
Applicants should forward their curriculum vitae, statement of present and future 
letter of interest, and two to three references toc Robert J. Desnick, 
PhD, MD, Department of Genetics and Genomic Sciences, Mount Sinai 
‘School of Medicine, Fifth Avenue at 100th Street, New York, NY 10029-6574. 
E-mail: robertdesnick@msm.edu, Mount Sinai isan xual opportunity emp 


research pla 


®RMITUniversity 


RMIT Universi 
School of Applied Sciences 


TWO POSITIONS: $61,043 - 86225 pa. AUD. 


Lecturer/Senior Lecturer in 
Molecular Biology and Mier‘ 
Ret No.S0001876 


Lecturer’Senior Lecturer in 
Ecotoxicology/Environmental Bi 
Ret No. 50021999 


You will be expected to conduct collaborative 
high-quality research within the School of Applicd 

ences at RMIT University relevant to existing 
school rescarch strenghs, 10 teach into relevant 
programs and to supervise research students in 
{Your area of expertise. You must possess a Ph.D, 
land preference will be given 10 those with post: 
doctoral research and teaching experience. This 
positon will be hased at modern facilites atthe 
Bundoora campus but you will be required 10 
travel to other local Schoo! locations 


For further information please contact 
Aro Arn Lawrie on Tek #61 39925 715777100 


for by e-mail adawriew rmitedu. 
(Cosng dat for applications is 16th March, 2007. 
To obiain application details and a position 
escnptionplease vist www.rmiteduaw/peljobs 
land quote sbove ref no's applicable 1 position. 


Imperial College serene 


London 1OO 


Faculty of Natural Sciences 


Readership or Lectureship in Neuroscience 


Lecturer: £37,740 - £42,150 per annum 
Reader: Starting salary £46,560 per anrum 


® 
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Imperial College is ranked inthe top ten universties of the world, according to the 2006 Times Higher Education Supplement 
league tables. 


We are seeking to make a new appointment to the academic staff of the Division of Cel and Molecular Biology in the field of 


Nouroscience. The postion coud be atthe lovel of a Reader or a Lecturer, depending upon the candidate, A substartial area 
of recently refurbished laboratory space on the South Kensington Campus is available. You should have a strong publication 
record and the potential to direct a competitive independent research programme in Neuroscience. Applications are 
encouraged from any area of Neuroscience ranging from the molecular and cellular levels to behavioural studies with whole 
‘animals. You would also be expected to contribute to our undergraduate teaching programme. 


The Division of Cell and Molecular Biology was part of the Department of Biological Sciences at imperial College graded 5* 
in the 2001 RAE exercise. The Division, based al the South Kensington Campus, has state of the art facts for modern 
biological research. Further details about the Divison can be obtained trom 

tp waw3 imperial. ac ublfesciences/divisions/cellandmolecularbiology and an application form is avalable from the 
College employment website: http Jww3 imperial ac uk/employmert/acadomic 


You should submit the completed appication form witha curriculum via, statement of research iterests and names and 
‘addresses of three releroes to Patricia Evans, Division of Celi & Molecular Biology Biochemsstry bulding, imperial Collage 
London, London SW7 2AZ (pat.evans@imperal.2c.uk). Informal enquires can be made to Professor Nick Franks 
(Biophysics Section:n franks@imperal.c. uk) oF Professor Murray Selkirk (Head of Division; m.sekirk@imporial.ac.Uk), 
Closing date 16 March 2007. 


Valuing diversity and committed to equality of opportunity 


HEAD, DEPARTMENT OF 


ORAL MEDICINE, INFECTION ETH 


aS Eldgendssische Technische Hochschule ZUrich 
ie mdi : ‘Swiss Federal institute of Technology Zurich 


bi Ralolgy Crt nak NuadstocidTaogy Professor in Plant Genetics 


ETH Zurich invites applications for an associate or full professor position 

plant genetics. Candidates are expected to have a strong research program in 
genetic networks of signal transduction pathways (c.g. defense mechanism, 
siress) and their impact on the genetic plasticity of developmental processes 
using a model plant system that takes advantage of available functional genom 


ahh mae in ics and bioinformatics tools. 


Teradonmagy home metabelian snd 
[pgremclan reel alpen The Department of Biology and the Zurich Base! Plant Science Center, together 


scat cemtetens Nesimateed enced with the Swiss SystemsX.ch initiative, offer excellent opportunities for col- 


‘Sipennte ve salt lotonip epoca om Jaborations. The position is supported by state-of-the-art laboratory and plant 
plore dol yt ww leaded rowth facilities. The research program will benefit from close interactions 
‘elec nn ommmr ih e ge with the Functional Genomics Center Zurich, Life Science Zurich offers an 
z ere ideal scientific environment and opportunities to participate in new interdis- 
ciplinary activities. 


Ine did myshare ro 
Bjom R. Olsen, MD, PhD 
Dea for Research 

Harvard Schoo! of Dental Medicine Please submit applications together with the curriculum vitae, list of publica- 
188 Longwood Avenue, Boston, MA 02115 tions, and a detaled rescarch plan tothe President of ETH Zurich, Racm 
istrasse 101, CH-8092 Zurich, Switzerland, no later than April 15, 2007, 
With a view toward inercasing the number of female professors, ETH Zurich 
specifically encourages female candidates to apply. 
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TaiGen Biotechnology 


‘TaiGen Biotechnology isa research-based and product-driven pharmaccutical company focused 
‘on novel therapeutics for diseases of serious medical needs. We are sccking highly motivated 
and qualified individuals to serve for the following positions. 


Director - Discovery Biology 


The Director for Discovery Biology will provide leadership and direction inthe area of molecular 

ogy, biochemistry, in-vitro pharmacology and high’medium throughput screening. The 

successful candidate will have a strong track record in drug discovery. solid experience in 

design and development, and knowledge of infectious disease, cancer, and diabetic 

sd disease, The candidate must be self-motivated, collaborative, and have excellent writing 

and verbal communication skills, Ability to communicate effectively in Taiwanese’ Mandarin 

ind English would be advantageous. A Ph.D. degree with a minimum of 8 years of relevant 
experience is required, 


Manager ~ High Throughput Screening 


to-day research activities of a research team dedicated to developing and executing 
assays for G-protein coupled recepiors. The successful candidate will have strong managerial 
skills and will be able to communicate effectively in both Taiwanese/Mandarin and English 

arly to the United States, may be required. Experience 


equipment would be advantageous. A Ph.D. degree with a minimum of $ years of relevant 
lor's/Master’s degree with 8 years of relevant experience is required. 


Please submit your curriculum vitae, bibliography, and contact information for three letters 


taigenrecruit@ taigenbiotech.com.tw 
URL: http://w wtaigenbiotech.com.tw/site/ 


Texas A&M University Department of 
‘Wildlife and Fisheries Sciences 
Faculty Positions in 
Mammalogy and Ornithology 
The Department of Willlife and Fisheries 

fences at Texas ARM University secks 
‘outstanding individuals vo jin our Fully as 
Asstt Professor of Omihology and Asi 
tant Profesor of Manmalogy. These positions 
are charged with building wccessul teaching 
fan research programs in thet respective ae 
‘of emphasis and wil aso serve as Curator of 
Bindsandthe Cuatorof Mammals forthe Texas 
Cooperative Wilde Colleton. In this toe, 
they willsupervseanddevslop their respective 
colletons, cluding rozen tse collections 
Suosessfil candidates mst have a PAD in an 
appropriate field and demonstrated research 
excellence in ecology, evolutionary biology, 
Systematics, genetics, of conservation bok 
‘vevalnced by arecord of poe reviewed ob 
ications. Records ofexirmura research ind 
ing and experience in teaching are desirable 
‘Adkitiona information on thee positions the 
‘partment and Texas ARM University canbe 
foundat btpi/wwwawfoc tamu Toapply 
Indicate clearly the position you ae applying 
for (separate applications are necessary foreach 
penton) and submit an electronic CV, stat 
Imens of taching and research interes, and 
philosophy regarding collections management 
nd curton, plus comactinformation for three 
refrencesto Dr. Michael L. Morrison, Search 
Commitee Chair mimorrisonaagtama.cd 
Eletronic submission deadline is 31 March 
2007. The Texas A&M University System 
‘Equal Opportinity Employer and strongly 


‘encourages women and minorities to app 


University of California San Francisco 
Department of Psychiatry 
Basic Scientist/Psychiatrist 


THE DEPARTMENT OF PSYCHIATRY AT 
THE UNIVERSITY OF CALIFORNIA SAN 
FRANCISCO invites applications for a Psy- 
chiatrist with established skills in laboratory 
research in area of basi science generally rel 
vant to psychiatric problems. This state funded 
postion willbe at an academic rank basedon the 
‘pplican’s qualifications and cam begin on July 
12007 of thereaier. Applicants must be board 
cligbl or cried Psychiatry and have a Cali 
fornia medical license at time of appointment 
and have a Ph.D. and/or postdoctoral training 
in a laboratory scieace. A joint appointment 
the UCSF Neuroscience Program willbe ofered 
i appropriate 
Applicants should submit their CV bei state- 
‘ment of research interest thece letters of refer 
fence and three representative journal articles 
M.D., Ph.D. Search 
‘Committe Chair ce Susan Vu, Department 
‘of Paychiatry, Rock Hall, 1880 4° Stret, 2 
South, Room RH 284C, University of 
fornia, San Francisco, San Francisco, 
CA 94143-2611. Review of applications is 
ongoing 
UCSF is an Afirmatve Action Equal Oppor 
‘uty Emplover The University tndertakes 
ftrmtive action to anstre cua emplovment 
pportumn for underrepresented minor ies 
and women. for persons with disabilities, and 
{for covered veterans. UCSF seeks candidaes 
‘whose experience aching. research oF com 
munity service hax prepared them to contribute 
toour commitment diversity and excellence 


University of California, Riverside 
UCRIUCLA 
‘Thomas Haider Program 
in Biomedical Sciences 


Tenure Track Assistant Professor: 
‘Molecular Mechanisms 
of Pathogenesis 


The Division of Biomedical Sciences at 
The University of California, Riverside 
(www.biomed.uer.edu) is hiring 10 fill 
a Tenure Track position at the lev 
Assistant Professor. The Division se« 
applicants with a strong research focus on 
‘molecular mechanisms of pathogenesis who 
employ interdisciplinary approaches that 
complement existing research strengths 
in the Division, The ideal applicant would 
have demonstrated ability 10 exploit mam- 
rmatian models of human disease. The pre~ 
ferred areas of rescarch interest include, but 
limited to: 
chanisms of host defense 
+ Emerging infectious diseases 
‘+ Mechanisms of inflammation and chronic 
disease 


The Div 
home to the UCRJUCLA Thomas 1 
Medical Program, The Division has. strong 
commitment to graduate training; it spon= 
sors the Graduate Program in Biomedical 
Sciences, which is developing an innova- 
tive graduate curriculum which integrates 
the core biomedical curriculum of the UCR 
UCLA medical degree program with gradu 
ate training and research. At the University 
evel, UCR has made the commitment to 
support and expand Biomedical re 

by recently launching the Health Si 
Research Institute (wwwhsiuer.edu), 

the UC Regents have approved planning 
for a proposed UCR School of Med 
projected to open in the Fall of 2012, 
(www.medschool.ucredu), UC Riverside 
is centrally located in Southern California, 
within a 90 minute drive of all the major 
southern California biomedical research 
institutions in Los Angeles, Orange, and 
San Diego counties. 


The tenure track position will includea Si 
Health Sciences salary, laboratory space, 
and start-up funds, commensurate with 
‘experience. Applicants must have a Ph.D, 
M.D., or equivalent graduate degree and 
appropriate post-doctoral research experi= 
cence. Participation inthe graduate and medi- 
cal curriculum will be expected but will be 
phased in over the first few years, Applica- 
tions will be reviewed beginning Mareh 18, 
2007; the position will remain open until 
filled. Applicants should send Curriculum 
Vitae, statement of research interests, and at 
least 3 letters of reference to: David D. Lo, 
M.D., Ph.D. Faculty Search, Committee 
Chair, Division of Biomedical Sciences, 
University of California, Riverside, CA 
92821 


The University of California, Riverside ks 
«an Equal Opportunity/Affirmative Aetion 
Employer. 


scientific journals. 


EMBO ema 


hermann.buyjard@embo.org 


Responsibilities include maintaining and further developing EMBO's programmes, in particular the Fellow: 
ship Programme, the Courses, Workshops & Conferences Programme, and the publication of EMBO's 


The European Molecular Biology Organization (EMBO) 
invites applications and nominations for the position of 


Executive Director 


The Executive Director is responsible for the execution of the scientific, financial and organisational aspects 
‘of EMBO'S various activities. He/she reports to, and works with, the EMBO Council in conceiving and 
planning the long-term strategies of EMBO. 


The Executive Director also maintains close interactions with the EMBO membership and partner organisa- 
tions such as the European Molecular Biology Laboratory (EMBL); represents EMBO in dealing with other 
‘scientific and political bodies, in particular EMBO's intergovernmental funding body (EMC); and acts as a 
‘major voice of EMBO in shaping European science policy. 


Candidates should have a successful scientific track record (including research experience), scientific 
vision and politcal skills. Managerial expertise and the abilty to lead a professional staff are also expected, 


The place of work will be the EMBO offices in Heidelberg. Germany. The appointment will be for five years 
with the possibilty of a single renewal. Compensation will be internationally competitive and commensu- 
rate with the prestige of this position. 


Applications should be sent to: Professors Gottfried Schatz and Hermann Bujard 


MBO 
‘Meyerhotstr. 1 

69117 Heidelberg 

Germany Appication deadline: 15 April 2007 


OUNT sual FACULTY Positions IN 
Meoieine MOLECULAR CARDIOLOG 


‘The Genter for Molecular Cantiology at the Mount Sinai School 
ne invites applications for independent, temure-track 
ys at the Assistant oF Associate Professor level in 
molecular canliclogy. Exceptionally well 
mee senior level may also be considered 


fied candidates at 


ates will have outstanding research 


The successful ca 
ications. Areas of sual interest inclade (hut are not limites! 
genesis, wasculexencss, cardio 


to) stom call Wologs 


yes of pathways involved in disease 

Jels. Individuals should he highly 
meractive ara receptive to mulidseiplinary collaborations. § 
Sinai offers numemus shared recarch facilities including ow 
tranenic and imeyging cores and state-of-the-art animal cilities 


igeetic and systems level a 
ind development in 


nal m 


Applications should include a CV, a ef description of current 
fh and furure research plans, copies of no mone than for 
of and contact information for 
tions to: Bruce D. Gelb, M.D. 


yy publications, and nam 
sen appl 


Director, Center for Molecular Cardiology, Box 1040, Mount 
Si 


ai School of Medicine, One Gustave L. Levy Place, New York, 
10029. Call: (212) 241-3302. Email: beuce.gelb@mssm.edu. 
Equal opportunity employer. We particularly welcome applications 


2 
¢ 
Department of Cancer Biology 

Faculty Positions 


The Scripps Resear Insttute-Florida is seeking outstanding applicants for 
tenure-track faculty positions in the newly formed Department of Cancer 
Biology. The Department focuses on the molecular pathogenesis of cance, 
using state-of-the-art, mult-disciplinary approaches anda variety of model 
systems for target identification, validation and pre-clinical studies, 


ScRIPPS 
FLORIDA 


‘The Department of Cancer Biology currently consists of four faculty, 
including Dr. John L. Cleveland (Myc, Apoptosis, Cancer Prevention 
and Therapeutics), Dr. Nagi Ayad (Ubiquitin Ligases in the Conttl of 


Cell Cyele, Differentiation arid Cancen, Dr: Michael Conkright (Cyclic 
AMP Signaling and Transcriptional Regulatory Circuits), and Dr. Kendall 
[Nettles (Nuclear Receptors, X-Ray Crystallography and Targeting Steroid 
Hoemnones in Breast Cancet) 


The Department is secking highly qualified and interactive investigators 
‘who willtake advantage ofthe unique high-throughput Core Services of The 
Scripps Rescarch Institute-Florida. including genomics, cell-based screen 
ing. proteomics, X-Ray crystallography. informatics and drug discovery 


Appointments are available at the Assistant, Associate and Full Profes- 
sor levels. Scripps-Florida offers very attractive startup packages, unigue 
core services, and the outstanding intellectual environment of The Seripps 
Research Institute for fostering top-tier basic and translational researc. 
Innerested candidates should submit their Curriculum Vitae, a synopsis of 
their past esearch accomplishments, and of their current and proposed 
research programs, along with complete contact information forat least four 
professional references, to: Dr. John L. Cleveland, Chairman, Depart- 
‘ment of Cancer Biology, c/o Diane Wikiman, The Seripps Research 
Institute-Florida, 5353 Parkside Drive, RE-1, Jupiter, FL 3458, 
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SCIENTIFIC CURATOR 


ZFIN, the zebrafish model on 
tor to join our dynamic, i 
scientists at the University 


nism database, socks a scientific cur 


active team of biologists and compute 
regon in Eugene, OR 


for creative scientists. As a ZFIN curator you will 


> read the latest acbeafish literature, and add information abo 
zebratish genes, expression pattems and muta ayes 
ZEIN database 

+ work directly with research laboratories to facilitate the incompora 
tion of their data into ZFIN. 

+ integrate the emerging whole-genome sequence with data available 
in ZFIN 

+ collaborate with other bioinformatics professionals to create Wools 


+ help design web interfaces to facilitate access to sciemific daa, 
Required: 

+ Ph.D. or M.Sc. degroe inthe life sciences 

+ Sitoeg written and verbal comesinicalioes skilts, 
Proferred: 

+ Experience in developmental genetics 

+ Familiarity with biological databases or bioinformatics 


Please visit the ZFIN website (htp:/fin. 
Jobs.html) for more information on this 


info/new9ZFIN. 


Send curriculum vitse and references to: EN 
Neuroscience, 1254 University of Oregon, 
USA: Fax: S41-346-4848: Email: ellennvia 


The University 
ADA Instin 


Featured Employers 


Search ScienceCareers.org for job postings 
from these employers. Listings updated 
three times a week 


Abbott Laboratories www.abbott.com 
Amgen 


amgen.com 
Elan Pharmaceuticals www.elan.com/careers 
Genentech wv 


v.gene.com 


Kelly Scientific Resources 
www.kellyscientificcom 


Novartis Institutes for BioMedical Research 
wwww.nibrnovartis.com 


Pfizer Inc. 
www.pfizer.com 


Morris 
www.cantbeattheexperience.com 


Pioneer Hi-Bred 
www.pioneer.com 
you would Bke to bea featured 


University of California Davis, 
School of Medicine 


nd the 


Shriners Hospitals for Children 


Northern California 


Postdoctoral Fellowship Openings 


The Institute for Pediatric Regenerative Medicine 
IPRM), a collaborative initiative of ‘The University of 
California Davis School of Medicine and Shriners 
Hospitals for Children Northern California, is recruit 


ng for postdoctoral fellows in the laboratories of 


Paul Knoepfler, Ph.D. This opening is for a fellow to 
study genetic and epigenetic regulation of murine and 
nes stem cell doctoral fellows will have the 
tunity to obtain experience and training in 
lecular genetics, transgenic technology, genomics, 
and ES stem cell biology. Candidates should have 
experienced and publications in developmental and 


hemistry, and/or molecular 


Wenbin Deng, Ph.D, ‘Ihe fellow will study molecu 
lar mechanisms of nervous system development and 
disease. Emphasis is on signaling mechanisms of 
neuronal ai Jial cell death, excitotoxic, oxidative and 
nflammatory forms of injury to the developing brain 
stem cell biology and regenerative medicine. Candi. 
dates will have the opportunity to obtain experience 
and training in animal models of human disease 
acural culture techniques, and biochemical/molecular 


and morphological methods. 


Candidates must have a Ph.D and/or M.D. Candi 
dates should forward a letter indicating lab of interest 
to the appropriate PI describing their research, current 
nterest, curriculum vitae, reprints of 3 publications 
iddresses of at least 3 reference to: Human 

clo Paul Knoepfler, Ph.D. or Wenbin 

Ph.D. (depending on lab of interest), 2425 

1 Blvd., Sacramento, CA 95817 or fax (916) 


2388. The positions will remain open until filled 


ScienceCareers.org 


EUROPE’S BRAIN GAIN 


ith significant increases in funding, and the cre- 

ation of the European Research Council, Europe 

is quietly making its presence felt as a science 
and technology hub. We track the expansion of funding 
and career opportunities as the European Union contin- 
ues to grow and strengthen as a global science leader. 
Read the full story in the 2 March issue of SCIENCE. 


UPCOMING FEATURES: 

March 2 — International Career Report: Science in Europe 
April6— Careers in Cancer Research 

April 20 — Postdoctoral Careers: Transferable Skills 


www.sciencecareers.org/businessfeatures 


UNIVERSITY OF HAWAI'I 

DEAN, COLLEGE OF NATURAL SCIENCES 
The University of Hawa at Minoo (UHM) leading instiation of higher Yale School of Public Health 
earning in the Pacific Basin and one of the nation’s few land-, sea- and space- Yale University School of Medicine 
Kader as Dean of the College of Natural Sciences Tenured Full Professor to Develop Program 
in Bioinformatics, Statistical Genomics or 

Genetic Epidemiology 

Comper science including rary scence. The Dean eves asthe foremost Yate Schoo! of Public Health is currently secking a tenured fll professor 
scodcti and odisrative leader forthe College Ashe Univesity celebrates io dieblep ond tad pg 


is centennial in 2007, the Dean will be called upon to develop a inspiring 


The College of Natural Sciences is pat of an international community of 
scholars in the physical and life sciences, mathematics and information and 


rams in one of the related disciplines of bioin: 
formatics, statistical genetics oF genetic epidemiology. Expertise in any 
cohesive vision and strategic plan to guide the College towanl new levels of of these areas is of intcrest, The person holding this position will also 
tawellence by busking on the strong scientific accomplishments of existing 

Frograms and by pursuing an integrated. comprehensive academe program 


that balances scholarship, smtrction and service. To implement this vision the 


assume a leadership role in the interface of their discipline with Yale 
broader initiatives to expand genomic research in the Medical Schoo 


pisbpsseytgipeen chapter obgdinaladar een ertipr en an at the University. Further faculty recruitment in these genomic 


within the University, across the state, and beyond, disciplines s planned 


Nominations and applications arc being accepted forthe positon, First sroen- The successful candidate will have an active research and training pr: 


ing of candidates will bigin on Monday, March 
tal the position is filled: Carlidates must submit 

the canibidate's interest and qualifications forthe postion, a current resume 
and the names of five (5) profes and e-mail 


gram; an extensive body of influential publications: a history of service 
to international national-level committees, professional organizations 
Carcers: and an established international reputation in their chosen 
Ixkresse and telephone numbers. Foe mors information about the University discipline 

Of Hawai at Moa, please g0 to www.uhmhawaileda. For a postion Applications, nominations, and inquires are all invited. For full con 
“scription, appliation and nomination requirements, and other informa, eenicn 

Please vist University of Hawat't web sles a htp:/workatuhhawall.eda 

tnd wow awaited exccuth esearch naturalsiemees 


ants should submit a leter of interest, a complete 
curriculum vitae, and copies of recent publications, by May 31, 2007, 
i comfidence 


Inquiries, nominations, and applications should be directed to Edward Michael Bracken, Search Committee Chair 
W. Kelley and Partners at: Edward W. Kelley and Partners, . ‘Yale School of Public Health 
Yale University School of Medicine 
P.O, Box 208034 


New Haven, CT 06520-8034 


The University of Hawai’ isan Equal Opportanity/Affirmative Action Yale University is an Affirmative Action/Equal Opportunity Employer 
Jnstition and encourages 3s from and nominations of women Men and women of diverse racial ethnic backgrounds and cultures are 
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POSITIONS OPEN 


INTRINSIC DISORDER RESEARCH 
‘School of Informatics 
Center for Computational Biology 
and Bioinformatics 
Indiana University, Pardue University 
Indianapolis 

The Center for Computational Biology and Bio- 
Informatics and the School of Informatics at Indiana 
University, Penluc University, Indianapolis IUPUI), 
are wekoming applications fora TENURE-TRACK 
POSITION at the junior level. The appointed fe 
ulty member will join our renowned intringc di 
fonler rescarch group, and will be expected 
participate in ongoing rescarch projects in collabo: 
Fation with the other members of the group, as well 
ay star a strong, externally funded research program, 
The appointed candidate will ako be expected 10 
teach In the School of Informatics’ graduate pro: 
gram in bioinformatics. Candidates must have a 
Ph.D. in computer science with postdoctoral expe 
rience in bioinformatics, and a research program 
focused on ie disorder in proteins 
M tional preai 
‘esentia 


analyte of ological phe 
Cour a the praate vel In curl bine 
mati, pater and machine kesring, 

tin for bros st 
crofapisation, crm vise, se 
tment of rexcarchy andthe mimes and thes kters of 
reference (under separate cover) must be pos 
tare by March 30, 2007, 10: A. Reith Durker, 
Search Committee for Inwinte Disorder Re: 
tears, Medial Information Sciences Building, 
SHOW. Loan Street, Suite $000, Indinapals, 1S 
46202. Te Shot of iat er le 
fans fs mrs a ope of ole haben tae 
Tat Afimae Acta Oppreay Epo 


‘TRACE ELEMENT/TRACE METAL 
GEOCHEMIST (TENURE TRACK) 

Stony. Brook University’s Marine Sciences Re: 
search Center (MSRC) announces the avalablty of 
2 tenure-track culty pontion (nine-month acadetni 
Jean slay) in taes ekment geoxhembtry of manne 
Fystems. ‘The position will be filed at the rank of 
ASSISTANT PROFESSOR, and candidates mast, 
have a Ph.D. at the time of appointment. More i 
formation on MSRC i avaible at website: http:// 
vwerw.mrcsunysb.edu and application detail may 
tre found at-website:p://www.msresunysb. 
edu/news/empops.itml: Succcssfil candidates 
willbe ‘Syecta ‘enhance and complement 
isting cule and programs ae MSRC, generate ex 
tema funding wo develop an active esearch progam 
in marine science, and teach at the graduate and 
undergraduate levels. Applicants shoul! submit cur 
Ficulum vitae, statement of professional goals, and 
the names and gontact information of at east thee 
feferences to: Chair, MSRC Trace Element Geo- 
chemist Search Committee, Marine Sciences Re- 
Search Center, Stony Brook University, Stony 
Brook, NY 11794-3000. Review of applications 
will begin March 12, 2007, and vontinue until the 
Ponition is fled. The SRE: har diene fay snd 
Ionic of walompmiented gpa cply emu 
‘onl 


RESEARCH ASSISTANT PROFESSOR atthe 
CCentsr for Remote Sensing of Ise 


Ph.D. of equivalent in clectrical 
omputer engineering, computer si- 
ence, geophysics, physics, laciology, or related Held, 
evidence ‘of independent research capabilities in 
remote sensing and ficld observations, {wo years 
experience collecting and analyzing data from 
mote scnsors, excelent written communication skills. 
[Review of applications begins March 1, 2007. Salary 
commensurate with experience. Application in 
Stnuctions at website: htrps:/ fjobs.ku.edu (position 
(00008546) or e-mail Ms. Tommie Cassen at e-mail: 
teassen@eresis.kucedu. pul Opporninty /Afinstine 
Aan 
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BIOLOGIST/BIOINFORMATICS 

The Department of Biologial Sciences at Mar. 
gquctte University has a tenure-track ASSISTANT 
PROFESSOR postion avaiable Angst 16, 2007. 
Applicants must have a Ph.D, with postdoctoral ex 
perience. The suvcessfil candidate is expected (0 
‘cvelop an catramuraly funded research program 
that wil complement exnting areas of rescarh sth 
ln the Department (website: http:/ /biology. 
imarquette.cdu). Preference will be given t0 app 
‘ants who can ako preside eapertne in boittor 
satin genomic, or proc structure that enhances 
“ongoing programs campunide. Teaching respons 
intitics inchade an introductory biology come for 
tundreraduate major and 3 graduate course i the 
‘candidate's area of expertise cach year. Review of 
pheanons une the potion filed Candbtes shoal 
pply online ar website: htsp:/ /carcers.marquette. 
‘ed /applicants /CentraliquickFind 50566. App 
‘ation process requires cumculum wae a statement 
‘of roscurch and tcaching interests Thee reference 
lewers are to be sent tor Dr. Robert Fitts, Chair, 
Department of Biological Sciences, Marquette 
University, WLS 112, P.O. Box 1881, Milwau- 
kee, WI 53201-1881. 


Get the experts 
behind you. 


www.ScienceCareers.org 


* Search Jobs 


* Next Wave 
rowpit of ScieceCrers.org 


* Job Alerts 


* Resume/CV 
Database 


* Career Forum 
* Career Advice 
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All of these features 
‘are FREE to job seekers. 
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career 
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© Career Advice 
from Next Wave 


© Career Forum 


Get help from the experts. 


UPDATED 
DAILY? 


ANNUAL MAIN MEETING 
March 31 - April 4, 2007 


SECC, GLASGOW, SCOTLAND 


V website for 
nformation: 
www.sebiology.org 


SOCIETY FOR 
EXPERIMENTAL 
BIOLOGY 
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KUWAIT PRIZE 2007 


Invitation for Nominations 


The Kuwait Foun for the Advancement of Sciences 
(KFAS) institutionalized the KUWAIT Prize to recognize 
distinguished accomplishments in the arts, humanities and 
sciences. The Prizes are awarded annually in the following 
categories: 

Basie Sciences 

Applied Sciences 

Economics 

Arts and Lit 

Arabic and Islamic Se 


The Prizes for 2007 will be awarded in the following fields: 
immunology 


nces: Energy and Development 
in the Arab World 
4. Arts and Li Andalosian Literature 
5. Arabic and Islamic Scientific Heritage: Veterinary and 
Zoology in Arab Hert 


+A Prize to recognize the distinguished scientific research 
‘ofa Kuwaiti citizen, and, 

+A Prize to recognize the distinguished scientific research 
of an Arab citizen. 

The candidate should not have been awarded a Prize for 
the submitted work by any other institution, 
Nominations for th /es are accepted from individu: 
als, academic and scientific centers, learned societies, past 
recipients of the Prize, and peers of the nominees. No 
nominations are accepted from political entities, 

The scientific research submitted must have been pub: 
lished during the last ten years, 

Each Prize consists of a cash sum of K.D, 30,000 
(approx. U.S.$100,000/-), a Gold medal, a KFAS Shield 
and a Certificate of Recognition, 

Nominators must clearly indicate the distinguished work 
that qualifies their candidate for consideration. 

The results of KFAS decision regarding selection of 
Winners are final, 

The documents submitted for nominations will not be 
returned regardless of the outcome of the decision 
Each winner is expected to deliver a lecture concerning 
the contribution for which he was awarded the Prize 


Inquiries conceming the KUWAIT PRIZE and nominations 
including complete curriculum vitae and up. 
publications by the candidate with four copies of 
the published papers should be received before October 31, 
2007 and addressed to: 

The Director General 


(+965) 2429780 
2403891 


GRANTS 


Awards at the 
scientific Interface 


Bridging Sapport for Pysical/Computational Scientists Entering Biolegy 


Deadline: May 1, 2007 
‘$500,000 over five years for postdoctoral fellows 


‘Support up to to yeas of advanced postocorl training and fist 
the yeas of fay appointment 

* Must hada Ph.D. mathemati physics biophysks, cemisty 
(Ghyskcal, theoretical, or compstaionl, computer cence, statistics, 
(or engineering and must not have accepted, ether verbally on 
writing facy appointment atthe tne of apphaion 

+ Propose imate approaches to answer impertantbilogcal 
questions 

‘+ Degree granting instutonsn the U.S. and Canada may nominate 
upto thee candidates, 

Complete progam information, egbity qudines, and appcaon 

forms are avalon BWF's webste at www. be und. or, 


BURROUGHS "+ urease aN 
CUND ES pearl dean a 
dined ences by opposing 
mine mount aad ese 
‘wom bind org sand educational activites 


Daiwa Adrian Prizes 2007 


Daiwa Adrian Prizes are awarded by The Daiwa Anglo- 
Japanese Foundation on a triennial 

of significant collaboration between British and Japanese 
research teams in the field of pure science or the applica- 
tion of sciences. 


The Prizes were established in 1992 and subsequently 
renamed to commemorate the late Lond Adrian, a found- 
ing Trustce of the Foundation, at whose initiative the Prizes 
wercestablished. Since their launch, £280,000 in Prizes has 
been awarded to 47 different institutions, 25 from the UK 
and 22 from Japan. 


All submissions will be judged on the basis of scientific 

‘quality and past performance but take into account future 
potential andthelikely long-term contribution toUK-Japan 
scientificrelations.Applicationsarchandledbythe Founda- 
tion with an assessment conducted by a panel of Fellows 
of The Royal Society. 


Further information: www.dajforg.uk/dap 


Opportunities for Europe-wide Collaborations 


The European Science Foundation (ESF), with offices in Strasbourg and Brussels, is the European association of 
75 major national research funding and performing organisations and academies in 30 countries devoted to excellence in 
scient 


ic research. The ESF covers all research domains: physical and engineering sciences; life, earth and environmental 
sciences; medical sciences; humanities; and social sciences. The mission of the ESF is to provide a common European 
platform for its Member Organisations in order to advance research and explore its new directions at the European level 


In 2007 ESF announces the following Calls for Proposals 


Proposals for ESF Exploratory Workshops (EWs) 

Smal, interactive group sessions, EWs aim to open up new directions in 
research and to explore emerging fields. Proposals should demonstrate the 
potential for inating follow-up research activities andor developing future 
Collaborative actions Interdiscipinary topics are greatly encouraged. 
‘Awards willbe toa maximum of €15,000 

Submision: open from 1" March 2007 m Destine: 27° April 2007 

Workshops mus take place during 2008 

‘More information: wwwestorg/workshops 

Proposals for ESF Research Networking Programmes (RNPs) 
NPs ae the platform for nationally funded research groups to address major 
‘zientific and research infrastructure ssves, Proposals must deal with 
high-quality scence and demonstrate the added value of being carried out at 
the European level with the goal to advance the frontiers of scence. 
‘Awards ill be toa maximum of €120,000 annually. fora four or five-year 
period. 


Proposals for EUROCORES (European Collaborative Research) 
The EUROCORES Scheme offers a ferble framework for researches from 
Europe to address questions which are best addrested in larger scale 
‘collaborative research programmes. 

“Themes: Following the EUROCORES theme call around five new themes for 
‘collaborative research in and across all sclentific feds wil be selected through 
International peer review. 

Submission: open from March 2007 m Deadline: 1° June 2007 

Projects: Each year a call for Collaborative Research Project (CRPS) is 
announced, based on EUROCORES themes selected the previous yea. 
Publication forthe Cals forthe approved EUROCORES Programme: 

‘March 2007 m Stat of te research projects: May 2008 

More information: wrw.est org/eurocores 


Proposals for ESF Research Conferences 2009 


The ESF Research Conferences Scheme allows sientits and young researchers to 
meet for discussions on the mos recent developments inthe fields of research, 


‘The Call for 2009 Research Conferences addressed to leading European 


Submision: open from 2 uly 2007 m Deadline: 7° October 2007 
" d scientists for events to take place in: Bic + (Bi at the Interface with 


More information: wwwwest.org/programmes 


Other Science Dacplines), vironmental Ssences, PhyscUBiophypic, Social 
Sciences and Humanities 
Submision: open from Spring 2007 m Deadline: 1* October 2007 


More information: wrwestorg/conterences oF for enquiries to 
conferences proposals@est org 


NCE 


RESEARCH INTEGRITY 
FOSTERING RESPONSIBLE RESEARCH 
‘A Portuguese European Union Presidency and European Commission Event, Initiated and Organized by the 


European Science Foundation & the US Office of Research Integrity, in Partnership with the International 
Council for Science. 


Lisbon, Portugal + 16-19 September 2007 


Research mgtore and coverorty accrphad research praca 
vay sinicarty fom court to cowry and arerg posse 


‘Asendance wl be lee and by vation to ensure guagraptical 
2rd epererce baaroes. A rari of 360 places wil be valabe, 


Contemed Sonckars wince: 


Eugpaan Molbaulr Bology 
‘gana E80) 

‘Comnatow on Puscaion 
Emes (COPE), 

Pornrguae Mitt of 
‘Seenen, achnobogy ec 
ghar Eavcaten DACTES) 

Portuguese Scenics 
Fourizen FCT) 

‘Cabuste Guberdan 
Fourdacon FCG) 

(Uk Rosoarchirtogty 
(fon (UKRO}, 


axgrintore. Thee 6 ro corrren detrton woe def merc 
mecondiet, confict of intewst or pagarsm. Even whee tee 
'S general agrerent on hey wlenerts of research behavou, the 
poloes tre ipemere ths agreement can vary wey from courey 
to country and organzaton tocrganizaton. The research communty 
wotdeide has to akdess these probes 1 ord to rean puke 
cortiderce and fo ectabich a ler best practice amewons at an 
reeratcra lev. # must do so at a ime when ther ae nowaced 
ressues onthe research system, 

The September 2007 Conference repmserts an itis ft 10 
esablch a tamenok tr continued discussion of research itegty 
7 a goba lovel 6 the fest goba! foun comered 10 prowe 
reaches, research adnsiatos, scath sooNsos, (ures 
‘ecto, reresertatves fom prdfessoral socetes, pocyrahes, 
and obers an coporurty 1 deous stateves fo hammonsng 
feeach misconduct polices and ating resrorstle conduct 
research 


Bent Andersson, Chet Becutve, European Scence Foundation, 
Oristne Bese. Inspector General, US National Science 
Foundston: Jose-Matano Gago, Mrisier of Science, Portugal 
Manus Het, Minsiy of Scerce, Porugt Motoys Ono, 
Presdent.Jaoan Soot tx the Praroion ol Soence: Che Pascal 
rector, Ofce of Resaarch irtgrty; Janez Puotnick, Eurcpeen 
Comrrsssores tor Resear 


Pre-Registration Form & Conference Programme, 
avatabe tom 


www.esf.org/conferences/researchintegrity 
‘Closing Date for Applications 27 Apri 2007 
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DARWIN POSTDOCTORAL FELLOW 

The Earth Sts tive a¢ MIT seks Pos 
doctoral aes to develop ad explore eomescle 
mmole of marine microal.communti oan 

pgcochemical cycles and climate Through the 
vebpment and Sppicanon of novel modcling 2p 
Drache ack fo undervand and sola the 
Ernogial bogeochomicl and physical repustrs 
cf meting mil communities or the pene 
Sie cellar cle, Gough metabo nero, wo 
“imergene global iogcogrpiy 

Sctosshl contr al jie & new, iver 
<lacipinay fie which links several Depaments 
SeMIT (Eu Atmonphric nd Panctary Since 
Cl and Enionimenal Enginerings sot Compe 
tational and Systems Bigg) nde te apes of 
the Ear Syacms Inka (website: pe os, 
iced), Ths imediscptnary proper prentes on 
“porn for methane canes wo dre for 
wed ul plone cabiagreige bod port approace 
pa modcting arie werobe ad 
wit pal biogeochemical yds 

‘Canates mast have oe must be ose to com 

doctor dees in 2 relevant scenic de 
orl Candas mast some 


Of the following ikke environmental genomics, 
cology, systems biology or marine brogcochemistry 
with perience and interes ia mathematical nu/Or 
incral moxllng 
Addlicional information may be obtained by 
contacting Dr, Mick Follows (e-mail mick@mit. 
a telephone: 617-283:5959), Prof. Penny 
{iano (emai chisolm@mitedy or Prot. 


Thterested carstidates may apply cnline at website: 
hutp://web.mit.edu/jobs. Please reference job 
number mit-60003798 

AMET én gual Opportniy 
Ayylhston fom women, ino, 
And indie wih dhs ae 


Afionsive Action Epler 
er wes, 


POSTDOCTORAL FELLOW POSITION 

‘The Deparment of Anatomy’ and Physiology in: 
sites applisations for the position of Postdoctoral 
Fellow’ in the "Tumor Phisiology Laboratory cn 
aged in studying hung carcinogenesis and the thee 
peutic applications of stem cells in lung cancer. A 
Ph.D. in eancer biology oF biochemistry ts required 
Ideally, the suevessful candidate will have experience 
With basic biochemistry and mokeular biology 
Which include Western blotting, realtime polymer 
ase chain reaction, and Northern blotting. Isolation 
‘of epithelial cells and stromal ibeoblasts as well as 
primacy culture of these cells will be a pare of the 
aboratory's daily work. Experience with immuno- 
histochemistry and immunoxytochemistry is desir 
able. Computer literacy is ako essential. Applicants 
must submit electronically curiculum vitae, short 
‘easy that desribes their scientific experiences and/or 
Fowure study, and the names three refer 
cenecs to: Dr, Masaki Tamura (e-mail: mtamura@ 
et.k-stateced). Screening of applications will begin 
February 26, 2007, an mie until position is 
le, Kanstr State Univnsty ir am igual Oppormanty 
Afioatve Ati Eamplyer. Kansas State Unicotty ace 
tec desi ane employee 


STAFF RESEARCH ASSOCIATE II (53045 
to $4900 per month). The University of California, 
Davis, is seeking a specise to work iv its Murine 
Gryopreseration and Recovery’ Laboeatory in the 
‘Mutant Mouse Regional Resource Genter. Must have 
feaperience in in site fertiization, eyopresenation, 
nd resuscitation. For details and required application 
‘materials call telephone: 530-752-1760, TDD 
530-752-7140, or apply at website: http://www. 

wdavis.edu/Emp/Careers, VL 7401. Final 
filing date: March 7, 2007. ua! Opyomanty Employer 


1174 


23 FEBRUARY 2007 VOL315 SCIENCE w 


POSTDOCTORAL FELLOW POSITION 

A Powtdxtoral posision is avaiable to sty the 
role of the RUNK tamsctpton factor fami tn 
fpowate and ovarian cancer, The poston tar 
BeTimmetiatcy. Th slid tna wal work 
writin 2 Feat Welle Cancer Comer sopported 
[oop of sienints suing the rake of Scrant 
Encipion and chromnn sows a trace vo 
Cnr Appbcats toast have 2 PRD. with ap 
toce in Lichen snd molecu and color 
okey Contsars should lav expres Ea meme 
malian chase coleure, general mlcular biology 
{echnigoe,mmunoiaochomiary, and isi ana 
vai All tne appicants should forward cur 
Shim vec Anbngeapiy and bo ofthe feces 

Sart Meyers Phd, Deparment of Bio 
homistry and. Molecular ‘Biology, Lowisiana 
Stare University Health, Sciences Canter, 1901 
Kings Highway, Shreveport, LA 71130, ema 
scyer@ eae, fxs number: 318°675°318 

anther dete cat be hound at websites bate // 
ww: freconlinc.com an www.ahrevebiochem. 

Temsan Sut Uhivoty Hes Siowe Comer an 
AfimatreAesn/Eal Oppoonty Emp 


A POSTDOCTORAL POSITION js available 
in the Department of Molecule and Cellular Oo: 
cology to study the signal transdoction pathways 
ofigenens using the mouse model 
We are purticulady interested in the role of PTEN/ 
Akt signaling and PML tumoe suppressor in cancer 
‘development (Nature 431: 208-211, 20042 Nature 
436: 725-730, 2005; Mol. Cell 24: 331-339, 2000) 
and aim to klentfythe key regulators involved in 
[process. Applicants who have strong background in 
molecular byology cell bology, oF mouse genctcy are 
rongly preferred. Please ser your curriculum sitac, 
‘past rescarch background and accomplishments, and 
fhames of thee references to: Dr. Hui-Kuan Lin, 
Assistant Professor of Mokcular and Cellular On 
‘cology, e-mail: hklin@mdanderson.org or emai 
huikuanlin@hormail.com. 
The M.D. Andenon Camar Center is an Eigual Op 
perioity Limployr and doer mot rome the has 
iv, mana orn, gud, sexnal oie, ae 
Helen, duabilny, wetcam ata, eanept where out dete 
ts eld Iy Low Al postions at the Univer, of Texas 
M.D. Andenon Ccnier Cntr are sountyaomire ad ub 


jos to Tea edheaton ode 31-215. wath asthe the cm 
(eyr te bn rial bey oe Siler 


SHRINERS HOSPITAL/OREGON 
HEALTH and SCIENCE UNIVERSITY 
(OHSU). A Postdoctoral position is now availible 
to study the developmental and biochemical 
functions of Hosal 3, Applicants with esperience 
‘with in vitro cell esprcasion says, protein expression, 

ification, and enstallization will be given strong 
Consideration. Cumculum vitae and the names of 
thrce references should be mailed to: H. Scott 
Stadler, Ph.D., Shriners Hospital for Children, 
Mail Code SHC-Research, 3101 S.W. Sam Jack: 
son Park Road, Portland, OR 97239, or e-mailed 
to e-maik hss@shec.org. Sirians Hota! and OHSL 
‘ar gual Oppose Employ and deaf el smoking 
je worl 


POSTDOCTORAL/RESEARCH SCIEN- 
TIST position for a highly-motivated individual 
available at the University of Michigan to study the 
mechanism of ction of microsomal cytochrome 
P50 using techniques. including stopped-flow 
spectrophotometry, rapid chemical quench, and 
rapid freeze quench lectton paramagnetic reso” 
nance under anaerobic conditions. Knowledge of 
‘enzyme kinctics and the structure and function of 
heme and favo-protcins is desirable, as well 38 
cexpericnce with mass spectrometry. Send resume 
and names of thece references to Dr. Waskell at 
‘e-mail: waskell@umich.edu. 


POSITIONS OPEN 


MOLECULAR BIOLOGY LABORATORY 
‘TECHNICIAN and LABORATORY MANAGER 

Position available in laboratory of Dan Morse, 
Director, Insitute for Callaborative Biotechnologies, 
Universty of California, Santa Barbara, Experienc 
and sblls required in DNA and RNA manipulation 
‘and protcin purification and characterization. Expe- 
Fence in laboratory management desire. 

Sixty percent time: molecular biology’ of protein 
‘expression, purification, self-assembly, catalysis, op 
tical properties and control, 30 percent time: Iab- 
‘oratoroy" management (equipment maintenanc 
regulatory compliance, hiring and supervising. st 
dent assistant) five percent time: laboratory displays 
‘and presentations (pecparation, trangport, install 
tion, and syesentation of displays of rescarch mate 
Fils for vistors and conferences}, five percent time: 
‘gencral assistance. 

Salary commensurate with experience, Applica: 

ons and inguinies to Pam Wall (e-mail: wall@ 
lifesci.ucsb.edu), Position is opened until filled. he 
{Use of Carts san Equal Empdoyms Oppornaity 
pinnae Acion Employer 


VISITING ASSISTANT PROFESSOR 
Invertebrate Biology 
The Deparment of Biology, Hamilton College, 
‘tes applications for a two-year visiting assistant 
nfessorship, with the possibilty of a second. (wo 
Sear appointment, effective July 1, 2007. Ph.D. and 
teaching experience expected, The successil appli 
‘cant will supervise senior thesis research, and teach: 
(1) invertebrate biology and (2) an’ additional 
lecture/ laboratory course of the candidat’ choo 
‘in upper evel scminar anal co-tcach introxt 

tory biology, 38 complements the Department's 
‘offerings. Support is available for research anid con 
ference travel, Send curriculum vitac, a statement 
about teaching, and names of three references t 
Patrick D. Reynolds, Chair, Department of iol 
‘oy, Hamilton College, 198 College Hill Roady 
Clinton, NY 13323-1292. Review of application. 
materials will begin March 2, 2007, and continuc 
fanul the postion is filled. Women and mamher of mi 
eaty gros ae encenaged We apply, Heanalon Calg an 
Afirnative Acton, Legal Opportanty Lilo and tom 
nied 0 dhvesty tn aca of the campus comma 


Help employers find you. 
Post your resume/cv. 
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USPol 45,436,147 email obpeps 
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Fox 314896000985 


sn. sciencecareers.org 


